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waf er surface. This sensitivity is accentuated with the current 4dgj\v@os or
snmal l.er, more highly integrated circuit designs which cannot tolerate
certain 25 nonuniformties within a particular die or between a plurality
of di es ORyfg4ser . Because semniconductor circuit on wWaheisy g comonly
construct ed |n | ayers, where a portion of a circuit is created on a first
| ayer and conductive vial connect it too a portion of the circuit on the
next |ayer, each |layer can add or create topography on the wafer that must
be snoot hed out before 30 generating the next |ayer. Chem cal nechani cal

pl anari zation (Oxide-CVWP) 4 July 2005 WO 02/053322 PCT/ US01/ 48658 - 2-
techni ques are uSYSTEMPANMDAETEICD EFEQRIFAGINSEHBIG AblePLANARIENG - CWP
(Metal - CWP) i s SERNCONBULTORIAPERSUSING REDUTEDBURFATGEgREAD W res,

removing excess ”@@LIQHNG%S‘@\M\MRIMQE PNQ’HKLMDABWAGQEF@H al within
the desired plugs and trench I?IQLJA N@?ECI—N@ g8l e COWP systems, 5

comonly call ed wafer poli shers n use a rotatrng wafer hol der that
brings the wafer into contact W|th, for the nost conventional rotary CWP
machides, a EHOSBFREFERENOCEAQ RELATEDARPRICGADIONSe wafer surface to be
pl anari zed. A chem cal polishing agent or sl urr contai ni ng m croabr asi ves
and surface nodifRingrekatioe is %cqrgma@ﬁm-@d)wft 6@13'!0@[@19%%6{1@6\!@0 pol i sh

the wafer. Th@QllQE.‘Q?[B?TeleAn@SFyZ‘d‘QBOWfPﬁé%ﬁtnﬁehﬁs&?Ju‘?é of@@i nst the rotating

polishing pad and is lish and planarize the wafer. Sone
avai | abl e waf eﬁorqamentm@dsu asreate@traﬂpﬂ@ﬂtmus mnrpomted byirefesancgdiereinat her t han
a rotating surface to carry the polishing pad. In all instances, the

—surface of thgma Qj,: ']’FIFP(N\?@N‘FWR' etely covered by, and in contact wth,
the polishing pad to sinultaneously polish the 15 entire surface. One
drawiiack of poli shTrmgprtebmtemgnmen selatéa@cepianam&anane@ueﬂnicohdudtbmaffehe

various circuits on,the ave di fferent
process, evenU$ipd gghe a!?"eﬁé@"?é PP%‘@"E%&“&PM%%B %‘E"’Erf Iy?ya{the This nmay
be due to thpreéeiﬁffaﬁvmbntrwm‘é t®hn f'fﬁbl%ﬁfé@b?st&ﬂ@ﬁﬂrh@ﬁhoﬂlforﬂﬂéﬁ@zﬁfg t he waf er

or the 20 den5|t%/ of materials_on a certain portion of the wafer.
Si'mul t aneous FRINMCRGyior watersiisingariaRlearial Pad-yyaler W‘éﬂplegé%ﬁ@'%’@ﬁe spot s

-of the wafer §msbsth ﬂﬁ&@fhbraswe and dispersed-abrasive polishing media.

15 BACKGROUND

Semiconductor wafers are typically fabricated with multiple copies of a
desired integrated circuit design that wilt later be separated and made into
individual chips. A common technique for forming the circuitry on a
semiconductor wafer is photolithography. Part of the photolithography
20 process requires that a special camera focus on the wafer to project an image
| of the circuit on the wafer. The ability of the camera to focus on the surface of -
the wafe;r is often adversely affected by inconsistencies or unevenness in the
wafer surface. This sensitivity is accentuated with the current drive for
smaller, more highly integrated circuit designs which cannot tolerate certain
25 nonuniformities within a particular die or between a plurality of dies on a
wafer. Because semiconductor circuit on wafers are commonly constructed in
layers, where a portion of a circuit is created on a first layer and conductive
vias connhectitto a porﬁon of the circuit on the next layer, each layer can add
- or create topography on the wafer that must be smoothed out before

30 generating the next layer. Chemical mechanical planarization (Oxide-CMP)




others because of the different material properties. The uneven ggapgnce
results in overpolishing of certain areas of the wafer. Additionally,
various material processes used in fornmation of vvafers provr de specrfic
challenge 692%5 ,providing a uniform CVP polish to a 0

processes, such as the copper dual damascene process, can %e partrcul arly
sensitive to the overpolishing that occur in polishers that

si mul taneously polish the entire surf&dce of a wafer. The trend to process
| arger diameter wafers has introduced an 30 additional level of difficulty

to the QW prfé@ﬁﬁ'éuéﬁ’at@%‘édﬁo B&nﬁﬁié Qﬁdfbéliéhcéé\%h [Ayer OF 8fér. SCpace area.
Using traditional CMVP t which the entire surface of a wafer

i s covered by(Matal-GH¥P) §rﬁl$fbwt§’§8f Uﬂeért@éf‘aﬂ"’r‘ &’ﬁB’PéFe Mt lugs and yiremyos - 3

si gni ficant| yedReAiRASE k T AT8 ERHIonR/BAYiRg RbthiN@HRP! | Shi ng
pad or vvaferrrn ordere%%ﬁ%végrg(gmptrﬁgssureﬁgfa&rzr ations on lt%e surface of the

waf er as ac hthedegired pligs aad trenchiseretherwafar ehilapie, (P systadisve pol i shi ng
pads gare. éarﬁrnaﬁ@ fisd M%él{ﬁo(ﬁesg\ R off@ﬁmsé%%taﬁﬂ{ﬂr}a@élirﬁﬂde?@ﬁét%?rngg the

polrshrng process owever rasive polis ds can require even
greater presthe wﬁeltihmqntémﬂ with dienthermastadonyentional tQMl? machings) a

advant age of ' I f iye

mat eri al . némghmgfp%ﬁéfgﬁﬁé Ithﬂ cor .fr%‘!f hv%?e[r%térrfée&ftso Bé(ﬁl ee éas Aé met hod

and system ofcrmemltairpmlrsr@g agenhoc alurnymohmmmglwqrbdwasweaand)aum pol i shi ng
D e bR phTaR i RNl 8 e SERBELTR, 1
semigonduct o rwa\fef Bolﬂer henprésses tie waleatiyaigsithé imstatrr_rg)pt!alrshmgn:gadpmﬂ rabout a
cont Al o1 S JSAE B Bl T 30 B2 RN BB E ™ i ng
- radial l'y i nwagéliat rﬁotmoar & e foel ra@dl thainef rotdtingfsurfate potarshtheg pad, and
P iREALC T LS I SN AN e RN
pol i shing padsovered by, and in contact with, the polishing pad to simultaneously polish the
15 entire surface.
One drawback of polishing the entire surface simultaneously is that the

various circuits on the wafer may have a different response to the CMP
process, even if the wafer begins the CMP process perfectly flat. This may be
due to the different types of materials deposited on parts of the wafer or the
20 density of materials on a certain portion of the wafer. Simultaneous polishing

of the entire surface also often clears some spots of the wafer faster than

others because of the different material properties. The uneven clearance

results ir1 overpolishing of certain areas of the wafer. Additionally, various

material processes used in formation of wafers provide specific challenges to
25 providing a uniform CMP polish to a wafer. Certain processes, such as the

copper dual damascene process, can be particularly sensitive to the

overpotishing that may occur in polishers that simultaneously polish the entire

surface of a wafer.

The frend to process larger diameter wafers has introduced an

30 additional levet of difficulty to the CMP process by requiring uniformity over a

greater surface area. Using traditional CMP techniques, in which the entire

- surface of a wafer is covered by the polishing pad, larger diameter wafers




pressing a portion of the polishing pad material on the first pojiyshbg
pad agai nst a portion of a rotating sem conductor wafer, wherein the first
polishing pad partially overlaps the sem conductor wafer; maintaining a
first pressure between the first polishing pad and the sem conductor
wafer; noving the first polishing pad of the sem conductor wafer to each
of a plurality of partially overl apping positions with respect to a
surface of the sem conductor wafer,.gherein the first polishing pad is in
continuous contact with the sem conductor wafer while the first polishing

R e .4 July 2005 -3a- pad is noved; planarizing the
seni con(ﬁl@"ﬂ'E?ar\ﬂhf@FeWﬁq’?ql'?ﬁbd‘ﬂ"S%grb@HPﬁmﬁ'@ts opgﬁe pRIshingPad 9rst wafer film

t hi cknesgafes irfsiabetsatoidbregaaahnationddnithe StrfR® &R Rafdad from t he
sem conductor wafer; | yi ng a_di spersed-abrasive polishing process

and a
Lo the  adieemMlLEBAICIAIACERWRcTs: ek AbRENEPORsING PRISRIESS | 9 | cached.
| acoor aetindd UkiBbRAEAIINABIo SAMLNS IRNBRUF B pdiBing o brovi dod a

sem conduct or wa p system conprising; a first fer polisher
conpr i si prgcess, howeverifpd-abrasive palishing pads sen repureeyeagrealeri vi ng  surface

for rel L1 Sy " t pol i shi ng pad
conpri s?ﬁgggﬂ%? ﬂﬁha%@rﬂ%g ?Qﬁ‘eﬁgﬂc’)’ﬁggﬁ;‘!’%g%a%@%glf"ear“ﬁ’%f‘%?%s"? !ta‘lkegned al ong a

ci r cunf eplanrization capabilities of therfireg-atirasivg rogtedabli ng radially inwardly a
portion of a radius of the polishing pad, wherein the fixed-abrasive

polishin ad material. defines a central region |acking polishing pad

mat eri al g'a\'ﬁ'ﬂ"arg?&rﬁﬁ’lepit'enabout a dianeter of the polishing pad; a rotatable
polishing pad carrier oriented substantially parallel to the wafer

recei ving surfcaoriiraing tieerafid gueed fara methallaynd system of performing

chemical mechanical planarization and polishing that addresses these issues.

In accordance with a first aspect of the invention, there is provided
a method of planarizing and polishing semiconductor wafers
comprising:

rotating a first polishing pad about a central axis, wherein the
polishing pad has a polishing pad material positioned along a
circumference of the first polishing pad and extending radially inwardly a
portion of a radius of the first polishing pad, and wherein the polishing pad
material defines a central region lacking polishing pad material and
symmetric about a diameter of the first polishing pad;

, pressing a portion of the polishing pad material on the first
polishing pad against a portion of a rotating semiconductor wafer, wherein
the first polishing pad partially overlaps the semiconductor wafer;

maintaining a first pressure between the first polishing pad
and the semiconductor wafer:

| moving the first polishing pad of the semiconductor wafer to
-each of a plurality of partially overlapping positions with respect to a
surface of the semiconductor wafer, wherein the first polishing pad is in
- continuous contact with the semiconductor wafer while the first polishing




position the polishing pad in a partially overlapping position wyf 2005
respect to the sem conductor wafer, wherein the polishing pad contacts and
rotates against a portion of a surface of the sem conductor wafer; and a
rotatabl e pad dressing assenbly having a surface positioned substantially
coplanar with the surface of the 4 July 2005 -3b sem conductor wafer on
the wafer carrier, wherein the rotatable pad dressing assenbly rotates and
contacts a first portion of the polishing pad; a dispersed-abrasive
process station, the dispersed- ab¥&sive process station conprising: a
second rotatable wafer carrier having a wafer receiving surface for
releasagéﬁi%. giﬁjng the sem conductor wafer; and a second polishing pad
nount ed ﬁ& P shing pad transport, the polishing pad transport
configured to nove the polishing pad against the sem conductor wafer, the

second pol i shing pm&nzﬁ@rméls%hﬂ@ormu&mwéiémltwmeomst polighghgoad nat er i al
positioned to receive polishing slurry and transport the polishing

slurry &’@Qllﬂgﬂazﬂ@ﬁ?ﬁf@k@”bﬂ“qmés‘éé?ﬁ%ﬂ%tor waf er; and a seni conduct or

waf er transfer mechani sm novabl e between the first wafer polisher and the

di sper sed-abr asi g oGRS S ik BfichindBEA Hofy thd ddfeoR@ydiben of a vt er

pol i shing proces I's a waf er polisher and
a seconavgier, endn of the wafer polishing process is applied at the
di sper sed- abrasive process station. BRI EF DESCR PTI ON OF THE DRAWNGS FI G

1is a side cut-away Vview of a sem conductor wafer polishing system
according to@RP F@f%ﬁﬁ@&rﬁ%’bﬁmﬁﬁ'ﬁﬁtp‘)?ﬁ'@ psoGessdo e pl an view of a wafer

carrier s’é?ﬁ@@ﬁﬂdbt&ﬂhé@? LAtif PfinalSafePfilm thickness is reached.

In accordance with a second aspect of the invention, there is
provided a semiconductor wafer polishing system comprising;

a first wafer polisher comprising:

a rotatable wafer carrier having a wafer receiving
surface for releasably retaining a semiconductor wafer,

a rotatable polishing pad comprising a fixed-abrasive
polishing pad material positioned along a circumference of the
polishing pad and extending radially inwardly a portion of a radius of
the polishing pad, wherein the fixed-abrasive polishing pad material
defines a central region lacking polishing pad material and
symmefric about a diameter of the polishing pad,;

a rotatable polishing pad carrier oriented substantially
parallel to the wafer receiving surface and configured to movably
position the polishing pad in a partially overlapping position with
respect to the semiconductor wafer, wherein the polishing pad
contacts and rotates against a portion of a surface of the
semiconductor wafer; and '

a rotatable pad dressing assembly having a surface
positioned substantially coplanar with the surface of the




the systemof FIG 1; FIG 3 is a sectional view taken along |i nguB-2809f
FIG 2; FIG 4 is an exploded sectional view of a polishing pad carrier
assenbly and tool changer suitable for use in the systemof FIG 1; 4 July
2005 -3c FIGS. 5A-5D illustrate top plan views of different enbodi nents of
a surface of a pad dressing assenbly suitable for use in the system of
FIG 1; FIG 6 is a block diagramillustrating the comunication lines

bet ween the m croprocessor and the %)ndl vi dual conponents of the polisher of
FIG 1; FIG 7 is a top plan view" ICI’Iustratlng t he novenent of the
components of the systemof FIG 1, FIG 8 is a diagramillustrating a
waf er DFOCGS%ﬁﬂ:o?M%@FWMrP%%é@gcaHé? \Mﬁér%fn therbfeitddle phdF! G 1. FIG 9
is a fixed-abrasive rotatabl e polishing pad use I n the polisher of
'FIG 1 accor drefgindassembdy setatas aneeentaeista fi fﬂSl E‘PFUPO af¢hey fi xed- abr asi ve
rotatabl e poly bﬁé‘ﬁlﬁﬂggad for use in the polisher of FIG 1 according to a
second preferred enbodinent; FIG 11 is a fixed-abrasive rotatable
polishing pad for use in t he polisher of FIG 1 according to a third
preferred enbodi reedispersediabyrasiGd procsls RBHtn3 fi2diBparse$01/ 48658 -4- FIG 12
s a f|>€<§§d abrasive r% atable ol ishing pad for use in the polisher of

FIG. 1 &0V RPPsS & érf%rred enbodiment; FIG 13 is a

non- abr asi ve rot at abl e poI [ Shl ng pad for use with a dispersed abrasive in
the polisher of FIG és@%ﬁﬁ’di PdtQ ié)w?fe‘?rc%f'rférrr%q'l G@Rﬂ' ment; FIG 14 is a
perspective view of a |inear I sher suitabl e use in polishing
seni conduct ofeGRifiRg §Ul'f%¢ﬁjf0|ﬂf@?a§®iy retaigingihessemigendustororafgrocessi ng

semi conduct op mafers using the polisher and polishing systemof FIGS. |
and 8.

o'%“

a second polishing pad mounted on a polishing pad transport,
the polishing pad transport configured to move the polishing pad
against the semiconductor wafer, the second polishing pad
comprising a non-abrasive polishing pad material positioned to
receive a polishing slurry and transport the polishing slurry against a

surface of the semiconductor wafer; and

a semiconductor wafer transfer mechanism movable between
the first wafer polisher and the dispersed-abrasive process station,
wherein a first

portion of a wafer polishing process for the wafer is applied at the
first wafer polisher and a second portion of the wafer polishing process is
applied at the dispersed-abrasive process station.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a side cut-away view of a semiconductor wafer polishing
- system according to a preferred embodiment;
FIG. 2 is a top plan view: of a wafer carrier assembly suitable for use in
‘the system of FIG. 1;
FIG. 3 is a sectional view taken along line 3-3 of FIG. 2;
FIG. 4 is an exploded sectional view of a polishing pad carrier
assembly and tool changer suitable for use in the system of FIG. 1;




10 DETAI LED DESCRI PTI ON OF THE PRESENTLY PREFERRED ENBODINENTS4hquh@er to
address the drawbacks of the prior art described above, a wafer polishing

systemis disclosed bel ow that can provide inproved polishing perfornmance

and flexibility, as well as avoid over-polishing and assist with 15

i nproving polishing uniformty of wafers produced with difficult to

pl anari ze |layers such as those produced using copper processes. The wafer

polishing systeminplenents a variable partial pad-wafer overlapping

(VaPO, also referred to as sub- apeﬁ@ure, pol i shing techni que that
mai ntains a partially overl appi ng profile between a wafer and a polishing
pad so that the pressure 20 may be increased between the wafer and

pol i shing pad, I@@@mlllwttate top plan Vigws\a diffepant egnbedinents of w t h | ittle
or no I ncr e}gﬁﬁb@ onbE&dﬁgkgﬁésémpg%th f&ruseW{r%r siys@rr*i EEM

polishing p aving ar surrace area i s disclosed for further

i ncreasi ng the prid@sisa blpghk degram:Ilasmmﬂhemmmmm@esmﬂeemnar
removal rat i 5 A
preferred eﬁ%%hﬁ&rrjgﬁtdog éloeq \ﬁg r%hﬁds Qoﬁ‘@%%ntQBHqé t(apsa e 'FFG. 1. The

pol i sher 10 incl dFdKé‘sT'tsa/\h)peulart\aewulblstrajm‘@dhbln}ovemen’aoﬁhd coamonemts ofissenbl y
14 and a pa ] segnbly 16. Preferably, the wafer carrier assenbly
hesEanIEE S -

12 and pad ly 16 are nmounted in a frame 18. The wafer
carrier assenbly RIGc8 isdfdiagrawaillastrdﬁiagda vdfenpronessingosystens incbtpaeating0

rotatably cqunec In a preferred enbodi ment, the wafer
head 20 is 3@ &’Oi%"‘WFE{ |r'| a rigid planar surface that V\A|| not flex

or bend 4 July ZGIdeQ]lCAQﬁ)@Hﬁﬁﬁﬁéiﬁe Eﬁﬁfébl@fpbhslﬁ@ngedﬁ)ruwﬂﬂha]@dlﬁgrng
pressure isr e romthe arri se y 14 Preferably, a
circul ar éﬁﬁfg /}ZIBCCOB‘I"'“% ch%pr S'F‘bgﬁmﬁrﬁ is positioned between the
vaf er mpeaol 20 apcrt[@mmaraerrxeambg@;% r%?at@lﬁlgfpbﬁetﬁﬁgafﬁal fbgu@é gea t
ci rcunference o er a in orde o brovide additional suppor

to 5 the mfFQ'[SW%QEE%B{Mﬂ%m%éPW" H’f@ Qoél'm?@tr assenbly 20 ' may
be constructed with RisHTeh- a%?aé’@’r'otﬂalﬁéF lighirfy YacPfof 88@inthé0 avoi d any
defl ections. The wafer head 20 of th er carrjer assenbly 12 is further

polisher of FIG. 1 according to a third preferred embodiment;




described with respect to FIGS. 2 and 3. The wafer head 20 prefgrgplyohas a
waf er receiving region 30 for receiving and mai ntai ning a sem conduct or
wafer 10 in a fixed position during polishing. The wafer receiving area 30
may be a area as shown in FIG 3 or may be an red at the
center ofvﬁggﬁgﬁgﬁn of the wafer head 20. Any of a nunﬁgﬁﬂ%?ﬂﬁﬁ%ﬁn met hods
for nmaintaining contact between the wafer and the wafer head 20 during CWP
processing may be inplenented. In a préferred enmbodi ment, the wafer 15
receiving area 30 of the head 20 includes a plurality of air passages 32

for providing a f akr r. r.eceiyi v f | 0 mai ntaining
or releasing theE:\H/é‘f 'Sf%%&ﬁdf%éaé% g?tgtﬁggd)%%%ﬁ%%glﬂg'ﬁgs%hrﬂg%i c or netal
mat eri al may plisieerid FIG etl aterding dova ffowrtraprefertadembodimeappl i ed to a wafer.
O her net hods of Lnf.ai ning the wafer ainst.the wafer carrier, for
exampl e 20 adhesi g& %rg.'lscﬁ ?‘ghﬁ?@?@ﬁ{?tﬁﬁ%% B&{S mgé)(fd\(l:gé}‘r’fb‘?w 4sur f ace

tensi on fromdsgerstid gbrasiv@in e patisttbr oDFEG.OF acavrdingd apréfefreéing shafts 34
are novably Pﬁ%@@lﬂ oned between a recessed |ocation within the wafer head

and a posi ti aR: ng away fromthe wafer receiving area 30 of the head

20 to assist in | gaglinOisansbropétitiva Yiebomn Nidae beh poRBHRr vaikdle fdraremer t
mechani sm such as a robot. Each 25 wafer |ifting shaft nmay be operated

pneunat i cal | polighjag ﬁﬁF‘iC@W‘I‘%ﬁ?"‘é‘?f@Eﬁ;ﬁPea! ly, magnetically or through any
other neans. |In apgsheyiiieites 5 HbROPEOH BB sIn %ﬁc&\@d@toﬁ%érsﬁ%idqﬁy be

fabricated without any wafer lifting shafts 3 waf ers may be 1oaded or
unl oaded f.rothe pelishaf apd pelishingssystera ofB3Rirh ants8i st ed net hod. " 30 Referring
again to FIG 1, the pad carrier assenbly 14 includes a polishing pad 36

attaghed to ac%E’P.QiLWUESCﬁWTl@@CﬁﬂTg{Eg NRLYimREFReae=38. The

polishing p ny of a nunb nown polishing 4 July 2005 WO
02/ 053322 P @Egﬁmg 6- materials suitable for planarizing and :

pol i shing sem contusider toridesss thé kicawliskis DhtHegpdsr@rirdsschibed Alsoveype of pad
AR EEREICIN G TN SN .
be construct e@driefmande arROfIIRG, As8weTPdLAVGM oldrdolishing and assist with
15 improving polishing uniformity of wafers produced with difficult to planarize
layers such as those produced using copper processes. The wafer polishing
system implements a variable partial pad-wafer overtapping (VaPO), also
referred to as sub-aperture, polishing technique that maintains a partially
OVerlapp‘ing profile between a wafer and a polishing pad so that the pressure
20 may be increased between the wafer and polishing pad, as compared with a
fully overlapping profile, with litile or no increase in fof&e applied to the pad or
wafer. Furthermore, a polishing pad having a reduced surface area is
disclosed for further increasing the pressure applied to a wafer and providing
additional removal rate flexibility to an existing wafer polisher system.
25 A preferred embodiment of a wafer polisher 10 is illustrated in FIG. 1.
The polisher 10 includes a wafer carder assembly 12, a pad carder
assembly 14 and a pad dressing assembly 16. Preferably, the wafer carrier
assembly 12 and pad dressing assembly 16 are mounted in a frame 18. The
wafer carrier assembly indu&es a wafer head 20 mounted on a shaft 22
30 rotatably connected to a motor 24. {n a preferred embodiment, the wafer
head 20 is designed to maintain a rigid planar surface that will not flex or bend




5 does not require an abrasive containing slurry. Although the dijagabgy of
- the polishing pad 36 is preferably equal to, or substantially the sane as,
the dianeter of the wafer W other dianeter ratios of the polishing pad

and waf er tenpl ated. In one enbodi nent, the polﬂcﬁlﬂ{'sﬂg4895§d si ze may
be - anyv\/n(E,I‘F(gﬁzl%ﬁ&t9 e range of the size of a single die on the wafer to an

area twice 10 as large as that of the wafer. Pad dressing surfaces having
an area greater than that of the waf eT5‘may be advant ageous to account for
a wider range of notion of the polishing pad, for exanple in situations

wher e t he pol,,ghi mg;' ' L ARIRS", . is10on the
center of the\h’g%ll' Pglf'n n %ggs"gg‘r{se%f&ﬁg%fl mg?rg’gﬁj{}%ﬁ\?%‘élﬁ%}’ﬁgﬁ%et ween t he
center of thePiitrablyaadirciiar kasning2606r atbet type phduppast & pagitomeflace. I n
enbodi nent s ' [ i ' | at ed,
the area of the %8 ﬁgéﬁé?ﬁg@%gg%gh%g%g%gjﬁa;%%@gﬂﬁgﬁrg@n @gﬁ ondi tion
and support tdieupdéienbe oftheadkfasieshd Ahia gder togrovide atiditionad 8upgorptoef er abl y

changer s ThENAIS Feditad, cARHeR e BR: GATRl Bsstbely AP BB eatoi 1 ty
oo }Niegg !to gdt he S;racte\kljvaef]giﬂlfa ﬁ&fsmah@?ﬁrl]g va:gﬁgiﬁgggﬂ\ﬁa n asseg?i)h zi) gd types
gl‘opab‘r asi ve polishi gwﬁfﬁéh?%q ﬁ‘?@g e/l@f'éfh‘amefi gpseiely ‘szjisgu 36 may recgfve
abrasi ve sl urdesciibedwgh reqpres®Ja6S50 dnti@N THewaiRd head RO prefbedll kdE aand t ool

changer 44, 46 that are 25 fed by ope or re . slurries applied |ines 52
Chat Crmy bé (AR IPoEREGH SO D TaptecphoHd TPBENG GreamIGIAUFBGHEE wi t hi n

a spigndl e driMe EagdRltonWiring poistihg. tThedwsRr Fsbefid #8830 hayBs Bani sm 56.
The transport nmechani sm ma be_ané of a number of nmechanical, electrical
or pneunati c 'GEQIICELIAAGF FHOWN It BArTaBY ke AR e erMteied Bt e eanteraf]

motion, or a rbelishiofthehHeRRESR0 SRhy bi'dhuribepbPiridikogs foovi ng the

polishing pad to a plurality of discrete positions on the wafer during a
pol i shi ng opdpaintaimng gooigribeiyesn thavaler amdieowaierhembi? dg@EBCMP. The

B Chy e SRR o S SR o ISR PEL. B ity 30 o
15 receiving area 30 of the head 20 includes a plurality of air passages 32 for
providing a fiow of air, or receiving a vacuum, useful in maintaining or
releasing the wafer from the wafer head 20. A porous ceramic or metal
material may also be used to allow for a vacuum fo be applied to a wafer.
Other methods of maintaining the wafer against the wafer carrier, for example
20 adhesives, a circumferentially oriented clamp, or surface tension from a liquid,
may be used. One or more wafer lifting shafts 34 are movably positioned
between a recessed location within the wafer head and a position extending
away from the wafer receiving area 30 of the head 20 to assist in loading and
( unloading a wafer from a wafer transport mechanism, such as a robot. Each
25 wafer lifting shaft may be operated pneumatically, hydraulically, electrically,
magnetically or through any other means. In another preferred embodiment,
the water head 20 may be fabricated without any wafer lifting shafts 34 and
wafers may be loaded or unloaded from the wafer head using a vacuum
assisted method.
30 Referring again to FIG. 1, the pad carrier assémbly 14 includes a
- polishing pad 36 attached to a pad support surface 40 of a pad carrier
head 38. The polishing pad 36 may be any of a number of known palishing




novenment of the spindle to nove the polishing pad towards or awayyfy20%t he
pl ane of the wafer Was well as apply a totally controlled polishing
pressure to 5 the wafer during CVWP processing. It also allows easy access

to the padyoeméssier and facilities assenbly automatic rgeplekesRed of the
polishing pad. Any suitable spindle drive assenbly, for exanple a spindle

drive assenbly such as is used in the JERESN polisher avail able from Lam
Research Corporation in Frenont, Califdtrnia, may be used to acconplish
this task. The 10 spindle transport mechanism 56 may be any of a nunber of

‘mechani cal  or ma#Abads Slitdle %?bla%ﬁﬁmﬁ%@ﬁ@b@ha@ﬁnéée’#ﬁi&&%&c‘t&%éf@% Siigdle in a

direction coplanar to the ein hed his manner, the

pol i shi ng pad PSéhirgPaskmaybedne birg g sad us@m Bcaniircsen wibiabragheslufry,
d, f
require neaag%oa@meq@rfdo@%a%ra %@@i@%@& R eéor%ﬁt% YeDQbwhpe wafer W 15

A pad dressin ndi tioni ng asse positioned adjacent
to the wafer &dpinaéyelpdhepd ynayhe @mstsgq’:teét)f Hé"lxpdrdbtﬁ@nﬁ reateriaktbehbl y 14.

The 7 O =518 ARl o Aol ndSah i br0! Aiholl BofhboicPfher o site
enbodi nent, t pelishingpast 36 ha)rabrabheemm tm@esﬂﬁstamtiaﬂlh&qamtnéﬁsdhhessi ng
_ nbly 16 t
aosetly 10 LR AL oW A Al DR Rl MR T WP oo e
| arger or snahtescorti¢rapiatdde taioae euibddhnernpﬂhesmihslgng)add smemd)e!ne enbodi nment s.
Addi t Iy, ress n sse may al so consi.st. of multi
r ot 1’3.'[ i’iglng $ ?%‘Q@Eé)g gtrﬁ@g? g@S&f%%ﬁ'R%gﬁr%téﬁaﬁifﬁrtoﬁ?earﬁaa"v%?ess| ng
gsse‘lﬁ)l y 16 haslagsusﬂmefﬁ&Weﬁpﬁ.a?mrdre\sém@snh%@c@w{]dva@earoéreh@emfer Wrrbl
ei ng process i ze t active area, of the essi ng_asse
s oY Peact s tbaordad vinf man herhigbactivets preedor S dRTereng o a
- single or smahdogibn wih@p@umhg@d@)for J)then;ﬂelirf SRS aheletfie I@éﬁshlﬁ%gééi ng
assenbly 16 is affi dressing head 60 attached shaft 62

to a
rotatably rmuﬁt"@‘?,l"qcﬁ“é R t%@i wquid pegiiqn thg GSE?F'Q% therPokighing RedioliPft he

planarity of él'i‘ﬁ‘n rg’hﬁé%rﬁﬁds’dé'bﬁr@é‘@th@?c gfrﬁbf EH&EW:X’P@T' &hd We Gribradte
adj ustnent 4 July WO 02/ 053322 PCT/ USO1/ 48658 ' .
15 the pad dressmg sutface. In embodiments where more than a snngle pad

dressing head is contemplated, the area of the pad dressing heads is
preferably sufficient to condition and support the polishing pad used.
The pad carrier head 38 is preferably attached to a spindle 42 through
male and female 44, 46 portions of a tool changer 48. The tool changer
20 preferably allows for interchangeability between pad carrier heads 38 so that
different CMP processes may be applied fo the same wafer by changing
wafer heads and any assaciated types of abrasive polishing chemistries.
As shown in FiG. 4, a pad 36 may receive abrasive slurry through
passages 50 from the pad carrier head 38 and tool changer 44, 46 that are
25 fed by one or more slurries applied lines 52 that may be within the spindie 42.
The spindle is rotatably mounted within a spindle drive assembly 54 mounted
to a spindle transport mechanism 56. The transport mechanism may be any
of a number of mechanical, electrical or pneumatic devices having a
controllable reciprocating or orbital motion, or a rotating arm mechanism, that
30 are capable of moving the polishing pad to a plurality of discrete positions on

the wafer during a polishing operation.




mechani sm 66 may be used to adjust the position of the pad dressjpg 29
assenbly 16. I n one enbodi nent, the plane adjustnment nechani sm 66 ray %e a
mechani cal device that may be | oosened, adjusted to conpensate for height

5 variati O‘Qéﬁﬂﬁﬁ%ﬂ eti ghtened, between CMP processing I pPRgusdi/isle
alternative enbodi nent, the plane adjustnent hechani sm nmay %e an active

mechanically, or electrically driven device, such as a spring or pneunmatic
cylinder, that continuously puts an upwdrd pressure on the pad dressing
head 60 such that the pressure of the pad carrier assenbly 14 against the

10 pad dressing su . ' in a ' r .n copl anar
rel gt I onship vm'gt h "[:r hg%\ﬁg\?geﬁ%msuﬁp@bﬁ%ﬁist g{g\ﬁggg%é%%rtbggﬁg%%ﬁbl yp12. I n
yet anot her- emsddithenthe olishing pag chniter hehd A8 iand itde designeditovaliogy fonr ee
separately hei ' b hafts e .used . to adjust th | ane of the
pag dress?/ng srﬁéufegiece}htaé?\g%oéﬁqtﬁ%?wg‘? E%%‘?‘?'ISQ’PQI?QQ .Wigjls\ﬂrtaﬁ’atyﬁ@p er
carrier 15basmtell qftﬁéwaférél\’mdrveﬁrmd'mWa Ittﬁa!q; (ﬁﬁn;cmiﬂadmbeiliﬁﬁlmlq‘sadew a
circulLar earjn r uppor t.e t shaf t algne. Referring to
Fl oo 5on. s heafer Bt R PERBRISS R isoliond aaby peadiods T Phtoes
positioned on caftier pad faciftesiadgebyhubsindticreplaodment of thElpGlisHiy phdie pad

dressing surface be compl etely covered with a fixed 20 abrasive nedi a
70 such as al %rﬂyﬁgﬂ,ﬁgt@@rsf’ﬁld drﬂ’leaff%ﬁﬂ'b%ﬁ?rleéﬂwlef@ Srindie diive asep@kiynex. In

addition, a plsusihs isusdd iRthd TERESTE pbishet BAIEBR! fidrA Lash Rbsdlch Such  as
dei oni zed water, sl urré| or other desired chem stry spray, are di s_‘persed

across the .sutcf‘)&?,@?ﬁqfh rHemopk Califaraigemay bﬁh’éeﬁ%am%héﬁﬁ%@ﬁb Re may
pad. O my R i oo S e AR ALy "
mat erial s. | nekdisel dpfiessapablecfiticaspertiog therspindie i adiseasiontanplasadtalr essi ng
pad condi t1 onl g ter 3¢ PEngBRIS. R EmeRr 162 pilsniRl pdt S0 UL T Da” "
spray unit, sprepjeshspesiiipred andlasostillated, ibfequitetvmeasy amepartiogacer vi ces.
Do T B L% A o RaRypEr 1 mance, each secton of the
15 A pad dressing/conditioning assembly 16 is preferably positioned
adjacent to the wafer carrier assembly and opposite the pad carrier
assembly 14. The pad dressing assembly 16 is designed to provide in-situ
and/or ex-situ conditioning and cleaning of the polishing pad surface 36.
In one embodiment, the size of the active surface 58 of the pad
20 dressing assembly 16 is preferably substantially the same as the area of the
polishing pad. The active surface of the pad dressing assembly may also be
targer or smailer than the area of the polishing pad in other embodiments.
Additionally, the pad dressing assembly may also consist of multiple rotatable
surfaces in other embodiments.
25 . Preferably, the pad dressing assembly 16 has a surface 58 coplanar
' with the surface of the wafer W being processed The size of the active area of
the pad dressing assembly is at least as great as that of the polishing pad 36,
consisting of a single or smaller multiple heads). The surface 58 of the pad
dressing assembly 16 is affixed to a pad dressing head 60 atiached to a
30 shaft 62 rotatably mounted in a motor 64. In order to assist in maintaining the

planarity of the pad dressing surface 58 with the wafer W, a plane adjustment




WO 02/ 053322 PCT/ US01/ 48655 may have i ndependently controll abl e 4 b}
that provide for rotational and up/down notion, and a liquid supp port
As shown in FIG 5B, the pad dressing surface may have a flxed abrasive 74

on one par, surface, a clean pad 76 on another 5
surface, vEf%lﬁ)gélr?&%rgray of fluid dispensing orifices 78 p05|"t]| gne%eal ong the

cl ean pad section. The clean pad nmay be a poroneric material such as
Pol ytex avail able from Rodel COrporarﬁon. I n anot her preferred -enbodi nent,
the pad dressing surface may contain a strip of dianond grit 80, a nylon

b h 82 ' . ' | ui d i fi
bruish 82 POSEAANR, 863 BURRPLy Akt AAhdh Bl Fhliedind | U1 d o111 cos
in FIG 5C mmw1¢)referred embodinent is illustrated in FIG 5D,

wh i fixed- t

of the sur f ace. whif R SHOBRCPEGIAS o Bhi MBERMIER RARGT S, 1470 €63
are each posimecimicaddedce thest pentbeiecsamedpbditsted e campensate far fepightt er s of
“th f f 5 t |t
Lbrade and: cotite T e aSaghieed, bBiwsen P e PR e AR A M, b

mat eri al s mayemigodifieht, tedplandddjusimarainigchanisin miel baldneadtiveed- abr asi ve or
onfigured

fluid may be us olisher 10 of FLGS. 1-5 is preferab

il th t e war dreoginicaliy STRIAGHEY SeR e sudi A g b PG eitiofng o

co- pl anar rel@lun@rstwapcoraﬁxubagwts drhepwart pe@Rotd wtrwpaicam@ssmg\s provi ded
above, the co-planarity ma¥‘ manual Iépad justed or self- a%lgnsg g Al so,

the pad dresdhead Gbsuehdhat t W%?suﬁed?frth af\ gatyies Aasesplly Ih a5 ti oned as

cl osg togeth adr(ﬁés%¢ ¥urkéce Wﬁ%ﬁrﬁélﬁs é%aﬁ@éssﬁrﬂf‘sd@é@ﬁﬂ@o@ﬁ%@? of
pol i shing pad materi a condi ti oned. Preferabl urface of the

pad dressing migggnship W&F‘(j‘@ﬁ B@feé%l!?@ﬂﬂ"tw %@%@f%%ﬂe’é?%@t&h@)%rgh‘ to the
vaf er carri eryer SHeok BboltARrIY i, paRi BHidIS Baod, HabpRdhicboned af ter one

conpl ete rotextlon 0 he pad nment s, i pl e pad dressing

devi ces nmy leepamielyheighd adiustable shaéls, maybe ysediq a@p@tﬁhep!ﬂne. @ike of t he
Pad dr essi ng PAesofIb bifa@Rhd/bang ey e NoplnS oy e M AR et er
car riber head,assemiplyy1 méh@padqdeﬂ;swg heayl 66trhay be a@mqu e piretar
bearing or may be supported by the shaft 62 alone.
Referring to FIGS. 5A-D, several embodiments of preferred pad
dressing surfaces positioned on the pad dressing head 60 are shown. in
FIG. 5A, the pad dressing surface may be completely covered with a fixed-
20 abrasive media 70 such as alumina, ceria or diamond available from 3M and
Diamonex. In addition, a plurality of orifices 72 for transporting a fluid, such
as deionized water, slurry or other desired chemistry spray, are dispersed
across the surface.
, The active surface of the pad dressing assembly may consist of a
25 ~ single dressing feature, such as a diamand coated plate or pad, or may
consist of a combination of several pieces of different materials. In other
preferred embodiments, the surface of the pad dressing head is divided in
sections and includes a set of various standard sized pad conditioning
sections, such as a fixed-abrasive unit, a brush and spray unit, sprayers and
30 other types of known pad dressing services. Depending on the desired pad

dressing performance, each section of the surface of the pad dressing head




4 July 2005 WO 02/053322 PCT/US01/45658 10 In a preferred enmbadigegss
each of the wafer carrier, pad carrier, and pad dressing assenbliés may be
constructed having heads that are non- ginbal ed. In another enbodi nent, the

pad carri g feasksmy be a ginbaled head, such as thoseGofaps3% known in
the industry, to conpensate for 5 mnor inaccuracies in the alignnent of

the interacting wafer surface, polishi ng pad and pad dressing surface.
Al so, the wafer carrier head and pad dréssing head are preferably oriented
with their respective surfaces facing in an upward direction, while the

pad carder hegathyI3RInAPMNRRE, cdiitrofHEBERLRs g{athﬂﬁv?dé’\ﬁ)i‘ fdt M‘H‘nal gnd

configuration is that it can assist in inprove SItU SUrface
i nspection, eH@/devinimotien. @odiadiguishstipiyreast: supply of |iquids to the wafer

surface. In other gggﬁgej‘gg%pﬁ% 5?2%0“ enéreggg%ggﬂq?éql%gglhggegq& §. and the
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pl ane, such abrasivest4 ¢reahe phdpbthequrfavem deaqaped @Byorvanother gari(of the |
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depen%i ng on fg&spacgd%%ﬁfégfsﬁp% ?%ﬁ'scgg)sr%gslsiéggsﬁéwgﬁmﬂﬁﬁ%% 6, the
pol i sher 10 i padsattion. | '&id dedrypad mayrbemp@remc me(té]ﬁﬁﬂ)suﬁﬁabﬁ’smbmn
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list of corma% fa%g% ]Jé?mﬂ%ooc{ ﬁ&&ﬁgﬁ?ﬂo&pég FF?@XBBFBT%Fﬁcﬁ%mbg@ H}gtst ?H% are
entered or cadgasbmg@uﬂigyemamntdhaaeglpgmf cﬁe;]mmd)gﬂtiﬂo ., amyidh BisiopRr a]E i oRaI
aranmeters to_be.sen or i nt ai ne 0 conponents of the

Bol i sher. TheBESH} @P'Z—Q é"‘ﬁﬁ?ffaﬁ&ﬁs&&&‘ #/%l ﬁ%’cfﬁzi‘: ‘J;?J'g-l?ﬁs%gf the carrier

he ?d'H) f ;)r t hfepa@é?ﬂmmbeto thadst rijig s afd 564mﬁlﬁmdme(lilam%%hbmriﬁ 33111-“ ce

i nformation m spin ri ve,L asse i a ition

| or mat i on 1 POmATREYS B IRITES Praddia BB BB MBETei R B

pol i shing ti mebasiveRuUBsRhBEHS m/pds}%n@&’@naj%ﬁoaieh HedrRds bMhaRpass m}m{e
information fromthe end poi.nt detector 6 he CPU is preferably in

comuni cat i on@RIUrAl 'txsaéﬂwepﬂf ors §f apda @!ﬁanwﬁ&%ﬁﬁ@@cﬁm@ﬁ@%«m gher. Wth
reference to Pé%ﬁeaﬂ)e'oﬂ%ftﬁé’réiﬁﬁqﬁ{npl%%quan&%%'ﬁthe]sﬁ Qvﬂn%oPEerat'O” of

thefollsher I s descri bed bel ow. After a wafer to the
number of configurations of abrasive material to abrade and condition the

pad, a fluid to rinse the pad, and/or clean pad materials may be utilized.
Additionally, any suitable fixed-abrasive or fluid may be used.
The polisher 10 of FIGS, 1-5 is preferably configured with the wafer

carrier assembly and pad dressing assembly having a co-planar relationship

20 between their respective surfaces. As provided above, the co-planarity may
be manually adjusted or self-adjusting. Also, the pad dressing head and
wafer carrier head are preferably positioned as close together radially as
possibie so that the maximum amount of polishing pad material will be
conditioned. Preferably, the surface of the pad dressing head is large

25 enough, and positioned close enough to the wafer carrier, such that the entire
polishing pad is conditioned after one complete rotation of the pad. In other
embodiments, mqlﬁpie pad dressing devices may be used to condition the
same or different portions of the pad. In these alternative pad dressing
embodiments, the surface of each pad dressing assembly may be arrayed

30 radially with respect to the wafer carrier head, or may be arrayed in any other

. -desired fashion.
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30 wafer carrier, the polishing pad is |owered by the spindle dr4iJY1512005
assenbly such that polishing pad overlaps only a portion of the surface of
the wafer as showmm in FIG 7. Although the polisher can be operated to
conpl et el ¥y Gousspbhe 4 July 2005 WO 02/053322 PCT/ USOL[ 45888 :11- surface
of the wafer V\nt:h the pad, the pad is preferably only covering, and in
contact with, a portion of the wafer Sﬁ@f ace at any given tinme. Also, a
portion of the polishing pad that is™hot covering the wafer is preferably
covering, and in contact wth, the surface of the pad dressing assenbly.
Thus, as one 5 porih'aoﬁ're?érréd@nlﬁ&‘ih@%@@c@@ﬁhéwa%rﬁ%n?&gpéﬁ E3MEE afgal NSt a
portion of the rotating wafer, another portion of the polishing pad is
rotating agai pad deasgingraseambligs may becensifuctaschaying m@bétﬁatgﬁrameﬂbl y to

cl ean and congi.t t LS ' Wng. The pad
dr essi ng asseﬁ%‘fdf%rpéymeaé\og{c? rggﬁgggnd&@ghg:ﬁégn%g%egﬂ%ﬁ%%\Q@ﬁ@%ﬁéﬁ after
waf er processhesd, such asdmoseConumsady badvwn iduthe inglustvg, tafcosmpensdteforpr ocessi ng.

Preferably the.enti i.shi . ' I 1] | IS+ e process
of “pal 1 shi ng. e SARuBRea SR 1gRRa) &b ish o el sRREE VoS o o
of addr essi ngpacgndpad dvessingtsudase.i Alsonhéavafert carer feadedndrpauydrasdieg basi s.
This function_is,achieved,by.first. qbtainin rofile dnformati on on each
waf er and theﬂe%da?r&ﬂrgt/e,r%ay é"%‘?‘??ﬁﬁ‘ ﬁbe:r r?gp%q%ygtsggﬁcgsofgcpﬂg\ ﬁ'?)l i sher to
address the papwardudimttionwhilsitieopad sdrasr fadedacds dovadvedrd. Pimeadvahtaigepr of i | e
br ocessi ng. ot HBNAISy G EoUIoVAIEN Guiiet € GRAPSTEBIPIONPS e R sur ed
exprgssly befgpegedtion, ¥6d goint Setddtonemdfirec¥PPRNGS lighide to Mygler of known
profile nmeasurenent techni gues nmay be used tg ohtain the 20 necessary

profile dat a.SW%)!'&FPH]%?"E”F@E‘?%%M\@%QBGP@ FeSSING RRgds. adlithe poi nt

probe, or sougshosReAshdBARLY IRFBNNaY bERYicRRJIpHEIR & 2 REhAbAzdritapidde center
of the wafer to the edge to. determ ne profile properties. These properties
Y/e‘ﬁ@“i

may be used iFHEGH aMeTiIcdPlane: Ar eves qonaetslydpyeried fie-plisyRgpaditi es of the
e hen o ons PR NATRARe BRI SuAt BRI PPl 11 1
pol i¥hi ng schepase@ndgnstalidionshnsiepigiad path, rotati onal speed of the wafer
and As shown in FIG. 6, the polisher 10 Is controllable by a microprocessor
(CPU) 65 based on instructions stored in a programmabte memory 67. The
instructions may be a list of commands relating to wafer specific polishing
schemes that are entered or calculated by a user bé_nsed on a combination of
20 operational parameters to be sensed or maintained by the various
components of the polisher. These parameters may include rotational speed
of the carrier heads for the pad, wafer and pad dressing components,
position/force information from the spindle drive assembly 54, radial pad
| position information from the spindle linear fransport mechanism 56, and
25 polishing time as maintained by the CPU and adjusted in process by
information from the end point detector 61. The CPU is preferably in
Communication with each of the different components of the polisher.
With reference to the polisher 10 described in FIGS. 1-6 above,
operation of the polisher is described below. After a wafer is loaded onto the
30 wafer carrier, the polishing pad is lowered by the spindle drive assembly such
| that polishing pad overlaps only a portion of the surface of the wafer as shown
inFIG. 7. Although the polisher can be operated to completely cover the




pad, downforce applied to the pad, and tine at each point on the ppli,ghi ng
path) and store these instructions in the polisher nmenory for execudtion by
the CPU 30 Prior to, and after, polishing the wafer, the wafer lifting
shafts 34 ‘jv§05,&§322\/\/af er carrier assenbly 12 are activatp@rfﬁﬁul“%%st t he waf er
fromthe water receiving surface and transfer the wafer to or fromthe
waf er carrying robot. 4 July 2005 V\Dﬁq%_/ 053322 PCT/ US01/ 48655 12 Al so,
during the CWP process on a particular wafer, it is preferred that the

waf er, polishing pad, and pad dressing surface all rotate in the same

direction. Qilrticecttiy water Qith td pa@lthé ipadd pidfdrasly oalscoreang aiiganp! at ed
and rotati onal %&ee of the indivi g%al assenblies na V%Lg/ an%gt%e vari ed
pur poseful I'y sodatt Wit 8 Redion; f theywa ISPEC_ﬁ‘Fehﬁ FWHVNTEet AP PBIR%M g schene
i s determ nedopmd pdlisHiRgpadit@t ishit welding tﬁe-\n@fétﬁ@b@fer@ﬁlyr&cﬁérid&@ drige waf er
carder, polishing rraéitﬁrogress according to the predeterm ned polishing

schene. The p@ds,onmt ohe SHEIGC%?@BQH@@ degssingassepbly. Hys. e 98t ated at a
desi rged speedporiih bﬁm%epdﬁaﬁiﬁ%g%%ta@@%ﬂaxw% JRinde4 portlnstitee and pad

t,
dressing surface may be in range of O - 700 revolutions per mnute
(r.p.m). Anyratafingiwaies, snobet pertian obk palishiag ad ixratafing:agsingt thespeeds of
greater than sl rfgg? | iidRport
mechani sm forl%?ﬁgbssgii n gf%eﬁﬁgggﬁ?ﬁiﬁ%ﬁﬁg?g%% é?ﬂg%dé%é at the first
poi nt al ong pYishingdiadsiveng theewaker processing hdhe pad dressing aascaddemaly wi | |
| ower the pa LA ¢ 1 Ne r a e desired
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t he Maf er andusssiiatindesdng and piddri wdiet procesding. Breferablyitiee detirerpolisitiod i shi ng

time has expi .. Preferahl .1he proces ' | gR- system which
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in-situ informtion .target .regi on of the

wafer and to 'Uﬁ’d’é{?ré"ig’nkfg} %ﬁﬁgﬁ%r’?é(?ﬁ%?P%g%‘%g ?'ﬂl‘f?séﬁég Eﬁh?eﬂ}‘%".e n@rﬁgf a nunber
of known sur f@tstgininggprefilé irdomadtidnencedunl wdfetahethch @alculithy edsolichipgi cal ,
acouq%t e, hesrtpg%zlagy f%E ﬁie)porlt@{erbtg a%gpelsg){ﬁg pa icliﬂlau('a néh-uniformities of each
wafer. The wafer profile information may be obtained from earlier
measurements determined in processing earlier layers of the particular wafer,
or may be measured expressly before the wafer is processed. Any one of a
number of known profile measurement techniques may be used to obtain the
- 20 necessary profile data. For example, a resistance measurement using a four-
point probe, or sound speed measurements, may be taken at points frorn the
center of the wafer to the edge to determine profile properties. These
properties may be used in conjunction with the previously measured
properties of the polishing pad (for example, the measured potishing response
25 ’ at various points along the radius of the polishing pad) to caiculate the best
polishing scheme (e.g., polishing pad path, rotational speed of the wafer and
pad, downforce applied to the pad, and time at each point on the polishing
path) and store these instructions in the polisher memory for execution by the
CPU.
30 Prior to, and after, polishing the wafer, the wafer lifting shafts 34 in the
' wafer carrier assembly 12 are activated to lift the wafer from the wafer
receiving surface and transfer the wafer to or from the wafer carrying robot.




predeterm ned polishing strategy nmay be applied to each indivi dq%, waher ,
the 25 signal from surface inspection tool may be used for precise
adjustnment of the tine spent by the polishing pad at each Iocatlon Af ter

pol i shi ng region of the wafer, the |inear i nd\e@r [y sm noves
the pol i srﬁﬁgﬂ%g%%o t he next position and continues pol i ng at t hat

next region. The polishing pad preferaji)%y mai ntai ns contact with the
surface 30 of the wafer as it is noved to the next radial position.
Additionally, while the polisher may nove the polishing pad froma first

position, Memgotmr@{gg CMP pldé@s®6h 'a%J’Hrﬂ’tQﬂél%fért #id ?e?érréd’&a@%t er of the
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The polishing pad preferably only covers a portion of the wafer and continues
to polish the wafer until the desired polishing time has expired. Preferably,
the process status inspection system, which may be an end point detector 61
(FIG. 1) having one or more transmitter/receiver nodes 63, communicates
20 with the CPU to provide in-situ information on the peiishi‘ng progress for the
target region of the wafer and o update the original polishing time estimate.
Any of a number of known surface inspection and end point detection
methods (optical, acoustic, thermal, etc.) may be employed. While a
~ predetermined polishing strategy may be applied to each individual wafer, the
25 signal from surface inspection tool may be used for precise adjustment of the
- time spent by the polishing pad at each Iocation..

After polishing the first region of the wafer, the linear index mechanism
moves the polishing pad to the next position and continues polishing at that
next region. The pofishing pad preferably maintains contact with the surface

30 of the wafer as it is moved to the next radial position. Additionally, while the
. polisher may move the polishing pad from a first posttion, where the edge of
the polishing pad starte at the center of the wafer, to subsequent positions

(3




the polishing pad away fromthe center of the wafer and focus on jfheq.pext
annul ar region of the wafer. Preferably, the pad and the wafer maintarn
contact while the pad is withdrawn radially towards the edge of the wafer.
In a prefkgsphfspybodi ment, the spindle linear transporfcRepaRism 56 may
si mply 25\!?(?\&2% I'n discrete steps novenent of the pad. In another preferred
enbodi nent, the spindle nechanism 56 may i ndex between positions and
oscillate back and forth in a radial mafner about each index position to
assist in snmooth transitions between polish regions on the wafer. In

anot her embodj pen | I mﬁ.a‘% MeHBY is 30 nove in
di screte step+s, rirg;ar\%\{aglef#nf[\ e seﬂfﬁdﬁga‘?srégﬁ‘ﬁ@g??ﬁi a p%sit 0}18. after each
step and nakerazskediftha ppiile efa partipdar waksr may bef besé addnessed he movingdn of

moverent 4 JuleB0bERIERaSF B bEEle D TR RRERAR M R bR 17 0 ana

t he waf er. Asoperatippmagistart witimthehexige of dhe polishing ol dtshipoiof in bativeest onl y

Cont St i ¢ h PREebi Aauatyp o Iyl AR e pcibnd sBRe FEVE L BOIsHIIRR ™ o
t he pol i shi ngtogawsitisink laldrg the waterfradias taward dise edge, eatl déinishing withea finalt o

ontact 5 with vari ti £t f f the pad dressi
assenbl y. ThePHBNaidRe Bo0Ry Mo aaridie ieer SUNEMEIEl for the pad to

conpl etely oyelr : etmjrtdgq:louaﬁigg,,thépwmg pdiwisprﬁdfemw edir&lvér)tlyiirﬂdemaet bet ween
various parti overl appin sitions with, respect to the er to
assist in f'olwm%gs%%cﬁ B'}ee‘gg Fé?'?%?sﬁr@g)"aﬁé%pg dfﬁs&gi%ﬁse Yckness
profqigl e. Advagdrans Hhe bad fo proviae daireabuliceadt deasebppidiitkigde t he
ability to focus on the anount of material renoved varius annul ar

portions of t¥RNefRtedLyithe pplshingrrgpess: die Fupsiegmatsitel N thgRHrarsidl

non-uni f or m tkegad cﬁéﬁin@é’éé:e‘ﬁ{blgpﬁ%@ﬂ? 2RlitA8s tRpHRERaed wiitth pol i shing an
entire surface of a wafer sinultaneously. Further, the partial overlapping
confi gur at i orPreperized sleinniediwaterrotheisuitable sheminabolgans@ids apigyed i nspect i on
and in-situ L R o 5P ad dressing assenbly is
shown, nulti Bl]ﬂgo%ggqéStlgéispﬁéheaﬁ%%@es%ﬁ?f g1egpoa%§e I npl emented. An

advdlt age of the pisiagiie CPU to monitor the pressure applied by the spindle to the

pad carrier head and controilably rotate the pad carrier head and the wafer,

the polishing process proceeds until the end point detector indicates that the
polisher has finished with a region. Upon receiving information from the end
point detector, the CPU instructs the spindle linear transport mechanism 56 to
20 radially move the polishing pad with respect to the center of the wafer to draw
the polishing pad away from tﬁe center of the wafer and focus on the next
annular region of the wafer. Preferably, the pad and the wafer maintain
contact while the pad is withdrawn radially towards the edge of the wafer. ha
preferred embodiment, the spindle linear transport mechanism 56 may simply
25 index in discrete steps movement of the pad. [n another preferred
embaodiment, the spindle mechanism 56 may index between positions and
6scil!ate back and forth in a radial manner about each index position to assist
in smooth transitions between polish regions on the wafer.
In another embodiment, the linear spindle transport mechanism may
30 move in discrete steps, maintain the spindle in a fixed radial position after
each step and make use of a polishing pad that is offset from the center of
- rotation of the po{ishing pad carrier to provide an oscillating-type movement




polisher 10 is that in-situ pad conditioning my be perforned July 2005
simultaneously wth in-situ surface inspection and upper |ayer thrckness
measur enent | end 20 point detection based on the fact that the wafer and

pol i shi ng ypgepspberably do not conpletely overlap. Adgidi@nastsy. by
starting the overlap of the pad and wafer at a point no greater than the

radi us of the polishing pad, the poli SJM ng pad may be conpletely
condi tioned each rotation. Furthernore, cost savings may be achieved by
fully utilizing the surface of the polishing pad. Unlike-25 several prior

art systens, wtevé@nt@patpém@me%f@ad«xm@pgmn& rc@afmbsfghaersgﬂfe dﬁ@ﬁingt he
waf er bei ng pO|ISh the entire surface of the polishing p
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shown in 30 FIG 8. In the system of multi pl e nodul es are |inked
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I Ng. secon e

nodul e 100 for ] fler transport robot may used to
transfer the maﬁalw qverlawmnme&sutmsdmﬂereapeﬁt@m@fermﬁ@lstmfmiewmgreg at the
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Although a single pad dressing assembly is shown, multiple pad
dressing assemblies may also be implemented. An advantage of the present
- polisher 10 is that in-situ pad conditioning may be periormed simultaneously
with in-situ surface inspection and upper layer thickness measurement/end
20 point detection based on the fact that the wafer and polishing pad preferably
do not completely overlap. Additionally, by starting the overlap of the pad and
wafer at a point no greater than the radius of the polishing pad, the polishing
pad may be completely conditioned each rotation. Furthermore, cost savings
may be achieved by fully utilizing the surface of the polishing pad. Unlike '
25 o several prior art systems, where the polishing pad is signifi cahtly larger than
the wafer being polished, the entire surface of the polishing pad is potentially
ufilized.
In other-embodiments, the polisher 10 shown in FIGS. 1-7 may be
used as a module 100 in a larger wafer processing system 110 as shown in
30 FIG. 8. In the system of FIG. 8, multiple modules are linked in series to
increase wafer throughput. The wafer processing system 110 preferably is
configured to receive semiconductor wafers, loaded in standard input




15 nodul e 100 may change polishing pad carriers through the use4gL1@Dépol
changer. This additional flexibility is attainable in the systen1og

- through the use of a pad robot 118 that nmay cooperate with the splndle
drive assggtassPl each nodule to switch between pads g GnRiisd |y W thout
the need to dismantle the entire system Milti-conpartnment pad carrier
head 20 storage bins for fresh pads 120 and used pads 122 nay be positioned
adj acent each nodule to pernit efficieh®- changing of pad carrier- heads
attached to worn pads with pad carrier heads having fresh pads. Uilizing a

- catal oging mechagssn puRl @ NENBLERLASNSISGANTANRASRINEe, valer
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I nyard on| ortion of the way to the center "of the pad

ext ends radi
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| acki ng fixed-abrasive polishing material is symmetric about a di aneter of
the pol i shi ng®¥akes waddragilidn 2 sasemetely Holisked wafler giterthaurater receivesiuces t he

total surfaceiaRfpShial R Nb&noddd, as conpared to standard rotary
pads havi ng substaﬁtllg ‘thst eltr eﬁttgpre 10 surface occupi ed by polishing pad

material, and t hufdt@mﬂp@lm,\/qllﬁ@reat PRds ofsiurfies ceidd bagysetat patinmoduled pressure
that may be 3RPhdRALLE aBowPMlif PAMHUEL B'the polisher of FIG. 1, each polisher

15 module 100 may change polishing pad carriers through the use of a tool
changer. This additional flexibility is attainable in the system of FIG. 8
through the use of a pad robot 118 t‘hat may cooperate with the spindle drive
assembly of each moddfe to switch between pads automatically without the
need fo dismantle the entire system. Multi-compartment pad carrier head

20 storage bins for fresh pads 120 and used pads 122 may be positioned
adjacent each module fo permit efficient changing of pad carrier heads
attached to worn pads with pad carrier heads having fresh pads. Utilizing a
cataloging mechanism, such as a simple barcode scanning technique, wafer
pad carriers having different types of pads may be catalogued and placed at

25 ~ each module so that numerous combinations of pads may be assembled in
the system 100.

After planarization, the second wafer robot 116 may pass the wafer on
to various post CMP modules 124 for cleaning and buffing. The post CMP
modules may be rotary buffers, double sided scrubbers, or other desired post

30 CMP devices. A third wafer robot 126 removes each wafer from the post

- CMP modules and places them in the output cassettes when polishing and
cfeéning is complete. |




wafer fromthe sanme anmount of downforce available fromthe p°|i%W%bQOh9 one
preferred enbodi nent, shown in FIG 9, the polishing pad 200 has. "an
annul ar region 202 of fixed-abrasive rmaterial, where the central region 15
204 wi t hougwobimashabrasive material is substantially cip&thi@iussddot her
version of a polishing pad 206 having fi xed-abrasive material over a

peri pheral portion 208 of the pad is ﬁgown in FIG 10. In this enbodi nent,
the fixed-abrasive material has a substantially circular outer
circunference and defines a central region 210 | acking fixed-abrasive

material that is imddaishane sthocdidkal oflthd BolidhePat £, aPahiing pad
configurations, such as the fixed-abrasive polishing pads 212, 314 of
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pad pref er abl WC%'ﬁhglﬂQﬁ'%d?ﬂf@?%Ve Qiaé’rbetmlegfm BFEHICGUEIE  di anet er
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of a polishing pad 206 having fixed-abrasive material over a peripheral portion
208 of the pad is shown in FIG. 10. In this embodiment, the fixed-abrasive
material has a substantially circular outer circumference and defines a central
region 210 lacking fixed-abrasive material that is in the shape of a star-like
20 | pattern. Other configurations, such as the fixed-abrasive polishing pads 212,
214 of FIGS. 11-12 may also be used to decrease the surface area of fixed-
abrasive material and change the removal rate characteristics of the polishing
pad. Preferably, a reduced surface area polishing pad is selected with a
’ patticular reduction in the surface area that will contact a wafer to achieve a
25 desired increase in loading. The particular shape of the polishing pad may be
adjusted to meet non-uniformity requirements for a particular process.
The fixed-abrasive material may be any of a number of oomrriercially
available fixed-abrasives suitable for planarizing semiconductor wafers.
Examples of these types of fixed-abrasives include the slurry free CMP
30 materials available from 3M Corporation 6f St. Paul, Minnesota. The fixed-
abrasive pads illustrated in FIGS. 9-12 may be adhered to the pad carrier
head 23 using any of a number of standard adhesives.




pl anarization characteristics fromthe fixed-abrasive nedia, and, ﬁ%gg
the range of force that the spindle drive assenbly can apply to t
polishing pad 10 carrier, a thickness T is chosen to provide a contact area

that allo i on of the polishing pad within the I essure
range dur\ll*?\gm\z(/gsgﬁE processing. In one enbodi nent, the %ss‘?gg of the

annulus may be in the range of 0.5 inches to 3.0 inches. An advant age of
the reduced surface area, fixed-abrasil¥e polishing pads of FIGS. 9-12 is
that inproved die |level 15 performance can be achi eved at hi gh down forces,

Lyprcal Ly unobt ai naile aohiPBoyRARSBl GRalel el epldkd Aok o ™

Preferably t he pa ressin € reduced Surrace area pads
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contact area ghhaustibalchhReietiRt@ATdth HFSmc-ditasits nvap, izad kasﬁmg&het he waf er
for a given anount (f)f force a!gglled to the pad carrier head. I'n a

preferred enmb@@ofohiores thatfhe @d'%ﬂn&%awn&nﬁm agrly tCB@'esRﬂJﬁtP iBg iPAL h
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fi xed-abrasive EO|IS I.ng pad. In contrast, typical dispersed-abrasive
ofefit

processes re @Dplé‘ﬂ"ﬁ“ﬂ n%wmn;ih%opﬂmg;pra@ungrameawﬁnga\faf@'ad that has a
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15 performance can be achleved at high down forces typically unobtainable

using conventional wafer-scaie polish platforms.
Preferably, the pad dressing assembly 16 for the reduced surface area

pads of FIGS. 9-12 is the same as described above with respect to FIG. 1.

_ The pad dressing head 60 may include any number of combinations of

- 20 abrasives and fluid orifices appropriate to prepare the ﬁked-abrasive polishing
material on the polishing pad and fo remove released fixed-abrasive material
from the polishing pad so as to reduce defects. Dressing of the fixed-abrasive
material may also be accomplished by this method to maintain exposure of
fresh fixed-abrasive,

25 As mentioned above, an advantage of the fixed-abrasive annular
polishing pad is that the area of contact is less than that of a standard
circular/rotary pad. The lesser contact area allows for increased pressure to
be applied against the wafer for a given amount of force applied to the pad
carrier head. In a preferred embodiment, a pressure of 15-30 pounds per.

30 - square inch (p.s.L.) is applied to the wafer surface of an 8-inch wafer using a

| fixed-abrasive polishing pad. In contrast, typical dispersed-abrasive
processes require less than 15 p.s.i. By using an annufar pad that has a load-




5 avoid the cost, size and weight of nore powerful downforce MmechRpi®s
Al t hough the fixed-abrasive polishing pads described with respect to FI GS.
9-12 may be used in the polisher 10 of FIG 1 to provide a highly

pl anari zeQyd pfdssf2t 0 the semiconductor wafer, the | ow defegdpp@ber polish
finish properties of a dispersed-abrasive process are often desirable.

According to 10 a preferred enbodi nent,,a polishing system such as the
pol i shing system 110 of FIG 8, incl l'ﬂlse's a VaPO polishing nodul e 100
having a reduced surface area, fixed-abrasive polishing pad, and a

di sper sed- abrissHring cR&YsLseltintgsmamstthan HOabR bf tHew e titth BEAP. The
di spersed- abrasi ve step may be %Gi)erformed on a standard rot ary poI I sher

with a poli sHiqygfersas F%Peé‘@'ﬂ‘ﬁ}’ {0 9btain g9pd Panssizetnn efidreontemtee waf er

surface, a Ilﬂ&@arabp&wes%ag mtﬁfﬁmtéa%haﬁ@éfméﬁ&@%smsﬂ@aﬁf (M dth greater
than the width of the wafer, or a VaP I sher such ustrated in

FIG 1, wher Paishipg Qaﬁ@ﬁffﬂﬁﬁ]‘lﬁﬁOft%“ﬁ&ﬁw%dﬂ‘(ﬁéasﬁ%ml@ﬁlaﬁ@ cpadielont act s
the geni condughpf muRkbef, s%fahd%vﬁéerﬁgﬁﬁﬁ:‘?&‘géﬁéﬁ‘x@'d&mf&h%ﬁé&ﬁﬁ@% In yet
I ment I sper

anot her preferred enbod rasive step nay be
executed at the s&ltbowme;ftxeﬂ@hraegresmrshmpadadasq@eéwmfesnectmG 1, used

For i [T xeq1ala asifio? bERood I o TBNoE AARIE!| BB AAabtg the pad

robot 118 to substitu carrirer asse 1'ng a non= sive
pol i'shing pad)!almﬂzecﬂ\ﬁnphdb msamcommrMajemﬁiedowgiemeiaﬁemnbhalmﬁaishve pad.

A I d

1 Gstrat od iRORTHES ER S SS ARl A Aot BB Bl R doRE AP e3uE 625 o
aidiibg int rmprtefmmmthodnhedﬂ s[pelistdag aystera) mmmepFMmmgyﬁ?a g ]
di d- b . T ' sed- ' i tot
'nloflpg[:)fgm \alle pgao\f%?pé é%sei?l g?gﬂgﬁ’ﬁgi"ﬁ‘ﬁiéo\é,ﬁaviﬂ%ué%gcﬂ‘i%gdI gr o? her ©
known di sper ssacfacabr@sf xei-shratiad pelidhing pd; ahy pedigieryed-abragbgiolighingei ng
pol i shed. 30 AI bel,t [ ma be u ed rather than

a VaPO rotaf{° 1@&%&%%%%@"9:52‘%6}3{% gis ‘%gﬁleéﬁgfas"’ﬁ | i near belt

pol i sher for pewdfnédonaGtaitars Futag gibﬂéﬁbrtvhm 4 péﬂl%ﬁmg a@&haﬁ:
di segrsed abr-asive step 4 Jul VWO 02/ 053322 / US01/ 48658 -19- of

the'Ppreferr ed"’ﬁﬂ??‘%‘]‘??ﬁ&"}ﬁ%@é@@" wafer geripee @dinepepelishing; rapdulg thﬁf(ﬂ’é‘ﬁe used in
a polishing belt width greater than the width of the wafer, or a VaPO polisher,

such as fllustrated in FIG. 1, where only a portion of the non-abrasive
polishing pad contacts the semiconductor wafer with a dispersed-abrasive
slurry media. In yet another preferred embodiment, the dispersed-abrasive
20 step may be executed at the same VaPO polishing station, such as shown in
FIG. 1, used for the fixed-abrasive step. This may be accomplished by using
the pad robot 118 to subsiitute a pad carrier assembly having a non-abrasive
polishing pad for the pad carrier assembly holding the fixed-abrasive pad.
‘ An example of a suitable VaPO, non-abrasive polishing pad 216 is
25 illustrated in FIG. 13. This pad 216 includes concentric grooves 218 for aiding
in the transport of dispersed-abrasive slurry during the dispersed-abrasive
process. The dispersed-abrasive slurry applied to the non-abrasive pad may
be a ceria-based, SiO;-based, Al0;-based or other known dispersed-
abrasive suitable for the type of wafer material being polished.
30 Alternatively, a linear belt polisher may be used rather than a VaPO
| rotary device or standard rotary polisher. A suitable tinear belt polisher for
use in accomplishing both the fixed-abrasive and the dispersed-abrasive step




the TERESTM CMP System avai |l abl e from Lam Research Corporation qﬁul?b&gnnt,
California. An exanple of a linear belt polisher is shown in FIG f he
| i near polisher 220 utilizes a belt 222, which noves linearly in respect to
5 the surfggpy@hsbhe wafer 221. The belt 222 is a CO”“F@?@UQ&%E@E rotating
about rollers (or spindles) 223 and 224, in which one roller or both
istare driven by a driving nmeans, suchsas a notor, so that the rotational
motion of the rollers 223 - 224 causés the belt 222 to be driven in a

|l i near notion (as shown by arrow 226) with respect to the wafer 221. A

Pol | shi ng pad?fztaé dréfeﬂ'_lé_ﬁipbﬁﬂ}ll@bnggﬁéﬁslﬁb mﬁatr bé&%ogéhuhg ﬁ]d@lutea.]fseﬂllﬁf ace
acing the wafer er t ca esides on a er carrier
227. The waf el 29:21[3&?“4 &&P\A@ "-‘Iﬁe"ﬁ@é’?“q%ﬁh 'e?y SACOSTOTPREYP %Pﬁg means,
such as a r et pidi@int! CAHome2 %An anlﬁ?l@‘d?ﬁtlmbﬁﬂbeﬁﬂfﬁl&hem\éﬂwtin plctfae waf er
when the wafer 221 is positioned to engﬁqe t he pad 15. Cenerall t he

waf er carrier Q‘?'?“%rﬂoélﬂ?ﬁrr?&ol{%'“@?ea bglt €42, adhich moyves haeatly 'Wﬁpgc{tﬁe

bel t/spad novegeidurideb bPERI wattf 281.1 Pk B625Dis é)%dtﬁihoﬁg' Belﬁ’?&tﬁﬂ‘ nglabout FOT
di spersed-abrasi ve process steps, the l[inear polisher 220 al so | ncludes a

slurry di speniilag (ﬁéﬁmaﬂ!egmmdm dnwhighgiserfeltey of befhisfafe dddenhy 8 t he pad
225. A pad coggliid ﬁ*%%ég(é&f% Iaé*}meﬁor's?e Vtﬂb‘?@t'ah |dnrbeﬁéchﬂler°223

recondition t 2{@ ng use Iﬂﬁues recondi tioning the
pad 225 duri ng? usee the belh 222 ta breddven in mgéﬁmoaomyas shayin byamowonst ant

dressing of. t%Qﬂﬂ’n’eQ 0448 het\Qaf'FFﬁgt’ &»F'E)& stlifg p&'ﬂ?z?%& é%%?ont‘& ged by used

slurry and: rem) at en sposed on
t he 1Onder si debaif22%hat |t§ae¢uteﬂsmfacarfmbmg)msmafer22'bm carrier 227, such that the

ol aten 232 provi SddEVaRT AT oMY B SrTe BhR sdrGn 22l o e o pel v 222
to ensure thas Nehbnnmént@ﬂ&yraashesharﬂm fetammgtmemm, aoth as bhvetsirfee ring21 f or
ot orm POl S iR ke B Qe S RIS SR
225 makes s uf;icnsmcxmti te enpyagd thel gda 19)eCevadrally, &k water bamepezf eontairgngCVP.
5?23323 downiiP %%%fﬁgc’e!ﬁp ?’S‘ﬂet erﬁ\é‘\g"l&{’%ﬁd@ﬁ‘r'gﬁig 34"‘%%"9'@@@@%"02/ 053322
PCT/ US01/ 486 35olish the wafer 221. For dispersed-abrasive process steps, the finear
polisher 220 also includes a slurry dispensing mechanism 230, which
dispenses a slurry 231 onto the pad 225. A pad conditioner (not shown) is
| typically used in order to recondition the pad 225 during use. Techniques for
20 reconditioning the pad 225 during use are known in the art and generally
require a constant dressing of the pad in order to remove the residue build-up
caused by used slurry and removed waste matetial.
A support or platen 232 is disposed con the underside of the belt 222
and opposite from carrier 227, such that the belt/pad assembly resides
25 o between the platen 232 and wafer 221. The platen 232 provides a supporting
platform on the underside of the belt 222 to ensure that the pad 225 makes
sufficient contact with wafer 221 for uniform polishing. In operation, the
carrier 227 is pressed downward against the belt 222 and pad 225 with
appropriate force, so that the pad 225 makes sufficient contact with the wafer
30 221 for performing CMP. Because the belt 222 is flexible and will depress
when the wafer is pressed downward onto the pad 225, the plafen 232




-20- provides a necessary counteracting support to this domwarqlﬁlg,rzﬁgs
(also referred to as downforce). The platen 232 can be a solid plattorm or
it can be a fluid bearing. Preferably, a fluid bearing is used so that the
fluid flo e platen can be 5 used to adj ust forlgéeﬁu d on the
under si de\%é{’ it?ﬁg gelt 222. In this manner, pressure vari atl%ir({g{gexerted by
the pad on the wafer can be adjusted fo provide a nore uniform polishing
rate of the wafer surface. An exarrple“% - a suitable fluid platen is
disclosed in U S. Patent No. 5,558,568, the entire disclosure of which is
i ncor por at ed hergkh flehaki | o linear

belt polishi n‘g‘%mgulag%séc'%ﬁéaﬁggg&gﬁéﬁg%% or 32‘5?"%‘9‘%}"2& %trr%%%rl] ° system may
be found in Uefrebiogn dongifo®ep92, 947, entitled "Linear Polisher and

Met hod for Sem conrgic R ' | - i |.scl osure of
~which is incorporat ed‘gI %P\gsfr?ei%y dre(aa%]%édéjﬁ@éeé.f&@o%?%&ng@%r@%p%aﬁéﬁi ng

- techni ques of Preferablyas fleisi beesing isustidsyodhatidie flilst G feinvtis plaerpead ber ed

nmet hed of pl 4 <Z1 ) C WL ribed with
r ef e(r‘%ence to g%agﬂlgﬁgﬁ% &%?%gr%tngéﬁgaggﬁﬂvég&&g% ?gf E\etf'g’t nounted in a
zlaPO pol i slhi_ nganm@ubaeshﬁm@aﬁmnmmsmge piaqrﬁnd:lne ];waferredugegarc]iﬁwtécapehar ea
e.g. annul ar), fi.xed-abrasive a waf er n e, pol i shing
badar o ot atRPaE BBt BT e oF o ARl e 28R oA R Ot ¢ 1 each
gt her and thea p?itaimdnAﬂmig pm@b E|cﬁ§bi¢}ﬁlﬁtiti\ gl.$fomtrN@ﬂ§558]sGB,suéh bgﬁ:@ _OL t he pad
ressing asse : on- ahrasi ve - su S potassju dr oxi de or
anmoni um hydr(g%}é%‘r? H?Wﬁl@ﬁd%@@‘)@lor%?‘gh@re"b‘g%ﬁ%?rie?g?-i gHaﬁ%;H%%ﬁsoni zed (D)
vat g nmay be repfing &6l lifenrasiipslisting oaulbh el pd basnIEoR U8 #f thedfréS8ht Pr 0cess.
A first pressure is i nf ai ned between the 25 rotatijng polishing pad and
r

waf er (at 236YSER MayRgsiopad byl Pafest Np. 569¢.944 dentitled, 1BpanBelishsr y of t he

pol i shi ng- MoHEMBEROAISr SBYIREndRtSr Whith Blladariz8fion, PRbldrtd HisQ¥&IrbdPPI Ng
positions with the wafer along a radius of the wafer during planarization.

The fi xed- abricR is inreiRaratedi¢rein Pristasarcazont i nues until the step hei ght

is reduced to a deyhBHiInY S Bolfs éﬁf@ | & Fe % I g@l _step
hei ght) and a first ovelrngur%g%I E]ﬁ‘ltgégneé %S&?ie%%a(gﬁgﬁﬂ?/g?agg I. © ?is S
typil€al | y acratsgsives ¢ preferedimetbod phiviagarizingd séintopndiictewafier willchaxbr asi ve
process, be described with reference to FIGS. 8 and 15. A semiconductor wafer W is

first mounted in a VaPO polishing module having either a full-size or a
reduced surface area (e.g. annular), fixed-abrasive pad (at 234). The wafer
and the polishing pad are rotated and brought into partially overlapping
20 contaét with each other and the polishing pad also partié!!y overtaps the
surface of the pad dressing assembly. A non-abrasive fluid such as
potassium hydroxide or ammonium hydroxide in the case of oxide
planarization, or deionized (DI) water méy be applied to assist in the fixed-
~ abrasive planarization process. A first pressure is maintained between the
25 rotating polishing pad and wafer (at 236). As illustrated in FIG. 7, the pad
carrier assembly of the polishing module may be moved to a plurality of
partialiy overlapping positions with the wafer along a radius of the wafer
during planarization. The fixed-abrasive planarization process continues until
the step height is reduced to a desired value {for example,80% of the original
30 step height) and a first overburden thickness is reached (at 238). This is
- typically achieved by the self-stopping capability of the fixed-abrasive process,
where the ﬁxed~abrasi\}e material is no tonger activated by unevenness in the




where the fixed-abrasive material is no |onger activated by unevwegResgsin
the 4 July 2005 WD 02/053322 PCT/ USOLl/ 48658 -21- wafer once the wafer

| ayer has been planarized. Alternatively, this may be detected by in-situ
end poi nt wehHEhkien and wafer surface inspection mnetrod@GysoLsdds) as a
standard optical inspection device in one preferred enbodinent.
Preferably, the pad dressing el enent ig configured as 5 sufficiently
abrasive to pre-condition the surface- 1 a new fixed- abrasi ve pol i shi ng
pad. In addition, the pad dressing elenent is configured to renove used

abrasive and RhRiahta tHed WarePyd IRAUSh diaNz6Re ARBIHaBRIPINRAHaREe Fequired
during the planarization process. After the fixed-abrasive treatnent, the

waf er- i s subj@Rteeigdiy insitwend ppiat delgotinsy ard vafep sudacssinsmaetion

é\?{@e iHQJn'bﬁJ}g@g.eBad such as

di sper sed- abrgsi r Lo -
t he 1 C1000 poﬁ%ﬁ?@?ﬁ’aﬁ%ﬁﬁf@%‘ﬁ\du%g?ﬁ?ﬂW;?%@e Corporation, and a

conventi onal ¢Bbpdineny Brefierably. the radsiressing elemeshisapnfigured ashe

di sper sed- abragi: ' . r old,.shi ng nodul e
SUch  hat o var SRR ESEe oo ARG the SyrcR R e U TP

nmodul e and t heQlispingaedl. ile addilien, éhe hat deassingrel¢ementse comfiiuret syprenswd-

abr asi ve polishi | L ' i -abrasi ve podul e, the
waf er and th@ggo .rgﬁ%ég%ﬁﬁﬁ%&e"{“r%?’gfpé%‘!"é@%"%‘ﬁ“&ﬁ%gaﬁiﬁl?%@%‘g??f The

di spersed- abequireddwing thhippanpatidneprpcedfser abl y nai ntai ns a pressure

bet ween the waf er t | i shi ad . that is.less th was nai nt ai ned
bet ween the fixed %?gb%@éd\%%&%e Q%?}P'WJEG S’ﬁ%ﬁrﬁ%s‘ﬁj?@?&l&oﬁii shi ng nodul e.
Wi 116 the di sfispersel-abtasiveiprecasad The dispessicimgsiverpioctseutiiaés a,noa- pol i shi ng
bt ocess. - The BREER ROB Padkiihargns b oo ebBieesd BeputetiuBbyect od o
suf fici ently Rds Sorporatior, eal @rc@nvémnaugét@ﬁmgamrmilhxa st&lerde@e _pol i shing
pad and renove qufhl sh* r}gq]g -product as 25 polishing proceeds. The

di sper sed- abrBPRATEAH i %ﬁ)@ﬁ%@b@ameiaﬁ%%ssquforwedfq%seﬁﬂfgier ed

thi ckness andqigighiymdiife Sk tBat SWERRFEIRSA réMbvdd e WféraRIm Wl st | ayer (at
240) .. Several variations of the dispersed-abrasive process nmay be
16 polishing module and then places it a wafer holder for the second, dispersed-

abrasive polishing module. As with the first, fixed-abrasive module, the wafer
and the polishing pad are rotated and pressed together. The dispersed-
abrasive polishing module preferably maintains a pressure between the wafer
and the polishing pad that is less than was maintained between the fixed-

20 abrasive pad and wafer on the first polishing module. While the dispersed-
abrasive pad is pressed against the wafer, a polishing slurry is deposited on
the pad and/for wafer to facilitate the polishing process. The pad dressing
assembly for the non-abrasive pad is selected to sufficiently dress (i.e. restore
the surface activity of) the polishing pad and remove polishing by-product as

25 _ polishing proceeds. The dispersed-abrasive polish process continues until a
final desired thickness and/or surface state is reached for the current wafer
layer (at 240).
Several variations of the dispersed-abrasive process may be
implemented. As indicated above, the dispersed-abrasive process may be
30 executed on the same polishing module as the fixed-abrasive process by
-switching the pad holder assemblies and applying polishing slurry to the non-
" abrasive pad selected 1_‘0r the dispersed-abrasive process. In the embodiment




i npl emented. As indicated above, the dispersed-abrasive process fipy Jo@s 30
executed on the sanme polishing nodule as the fixed-abrasive process by
swi tching the pad hol der assenblies and applying polishing slurry to the

non- abr aswggz,ﬁgggbzsel ected for the dispersed-abrasive ppefEfsinsks the
enbodi ment 4 July 2005 WD 02/053322 PCT/ USO1/ 48658 -22- using two or nore

separate polishing nodul es, the dispersgd-abrasive polishing step may be
acconplished with a VaPO pollsher i denfical to that of the fixed-abrasive
step but having a reduced surface non-abrasive area pad, or it may be

acconpl i shed usingewes bEmBRs Segpatarpblistin maresbmbtdlﬂﬁr$éd3§ﬁr’émv§ The hybrid
pol i shing tech 4Eue descri bed above, sher pol i shers

first apply aPPISXE@ sigp qay e %f&anlp&ssfe? ftb"fl %ﬁﬁ@ Q%'@ﬁ"%l'ﬂﬁwipal o hetofer sed

abrasive, is ihbﬁffx@ﬂ%l'é&nﬁaoﬁébﬁdt haiRp tiuRed sWAh & Ron-BBldsREnReh py@f ers are
defined herein as wafers having one or rnore |ayers of etched or deposited

circuitry. A 9t %v@@@%amkswwamd@waf o inear belt pelishe®pi es of 10
the game circuit dgg d'ﬁéﬂéﬁlh@{@hhwueTd@@crl’ﬁé@ddév@%hé@'a”@afbéchn' que

achi eves planarization of t he Subj ect wafer Qﬁ? anari zi ng W t h each of
the two diff ep@isher girnstishersdirstppplye isdyabrasivehpadt ta pwaferea ta%n ﬁBﬁWe and

di sper sed- abrgaisgggsﬁglrﬂ%? A ?ﬁréﬁggpﬁ%({]ts:}ﬂﬁ&réh vbsﬂféfst Phtisin

angstronms of a anounts o by each of
the two proce&s anedaﬁeetibereybmmf&ss hevinagne et moire layers of edthssl or

cont enpl at ed &Y ¢ \/\%ﬁ@?l Nitaﬁgrntea 5 m%y?’ RéveXdne gﬁ% u%élft* ﬁpcqﬁ) eost&e

particul ar- erhad ernative e
pol it$hi ng tecthalsqtre GiICEtEﬂSSIgd Adtj(bmeaﬁyaﬂmeﬂwbappbhﬁ‘dng tecbaJQUelanmdvmf ers by

usi ng st andar i shers S d | i. b her for
both ot he 1 e Rl BEAeISloRt wath o7 bR i $Bien SRty BRAATREE ent
di ispe[] sed- abl’m'SCTSSEﬁJ fneferabhy, leﬁch sf mp fixedrabldstre a&rdmaber?m abtdfsaewaf er .
olishers use polis |n at ¢ ire, surface a patterne
\R/af er at any B‘ﬁ%ssﬁﬁ?f Hg ‘ﬁs? EHOVE; B‘it’)ébaém angsiyomy Y AL asi ve
pl anari zatiomsrbe@?er Stta@ctaﬁ@hrﬁ@dfmwtat ﬁgeémmmnetw@pm@mnmw be used

0 tomatic m ne when desjred ano of 25 material have been
abed Tr om &b éfi STYing EchBiaUE fee plsp CRRIGEW BWAlgd ahd ey kesadiusted o the

type or constitution of the particular patterned wafer.

In an alternative embodiment, the hybrid polishing technique discussed
above may be applied to patterned wafers by using standard rotary polishers,
or standard linear belt polishers, for both the initial fixed abrasive planarization

20 step and the subsequent dispersed-abrasive planarizatibn step. In this
embaodiment, the wafer polishers use polishing pads that cover the entire
surface of a patterned wafer at any give instant in the fixed-abrasive and
dispersed abrasive planarization steps. Standard end-point detection
techniques may be used to automatically determine when desired amounts of

25 material have been removed from a given layer of the patterned wafer. As set
forth above, a polishing system and method have been described that provide
for increased flexibility of a VaPO polisher to provide a variety removal rate
distributions. The flexibility may be achieved by providing reduced surface
area polishing pads that can avoid the need to use larger and heavier
30 polishers to achieve the necessary pressures. In addition, a method of
| processing patterned wafers by' linking an initial fixed-abrasive process, that

may use reduced surface area fixed-abrasive polishing pads on a VaPO




forth above, a polishing systemand nethod have been described tsyai, Jpo9vi de
for increased flexibility of a VaPO polisher to provide a variety renoval
‘rate distributions. The flexibility may be achi eved by providing reduced
surface ' ai@aydasdb shi ng pads that can avoid the need t opSEsol/asier and
heavi er 30 polishers to achieve the necessary pressures. In addition, a

met hod of processing patterned waferspfy linking an initial fixed-abrasive
process, that may use reduced surface area fixed-abrasive polishing pads
on a VaPO 4 July 2005 WO 02/053322 PCT/ US01/ 45658 -23- polisher, and a
subsequent di ppishsedndla adisequgnt dispesedtdtoasivé proceap elovedifor impraned | zat i on

qualities whi jntaining relativelv.l ow defect fer surfac finishes.
The | nvent | onP RET0R aks iR edRiamin g AR T REEL W a1 ) °s

di scl osed herfinishesi.t hout departing fromits spirit or essenti al ‘
characteristics. he. descri bed enmbodients..are to pe considered jn al
Ceopect o only as 11 OLERENTE beATIOHRAS e fort (R ReR ePeeBiaivor *t he
invertion is distlesstbhedcin Without B8pETAY frafnditsdfidit drikesaitieskiedcietigioss. 10 4
July 2005 -2? WE CLAIgI . A net hod, of I%Q?rizin and poli shing

sem conduct or | Jafesdibe @ﬁé?q unepys aF‘-’o@aﬁ‘%&ﬁ' ored By alyspedis REYSEd about a
central axis,jlWietiob Bnk Mot rda@lcitdidid thadchiRSothd Merlib & inRAdBRISHs al
positioned along a circunference of the first polishing pad and extendi ng

radially in pegsyatea vidhtherappended ¢8M%- the first pol i shing pad, and
wherein the polishing pad material defines a central region |acking
polishing pad material and symretric about a diameter of the first
pol i shing pad; pressing a portion of the polishing pad nmaterial on the
fird0 polishing pad against a portion of a rotating sem conductor wafer,
wherein the first




polishing pad partially overlaps the sem conductor wafer, maintaiRiy?908
first pressure between the first polishing pad and the -sem conductor

waf er, nmoving the first polishing pad of the sem conductor wafer to each of
a plurality of partially overlapping positions with respect to a surface of
the sem conductor wafer, wherein the first polishing pad is in continuous
contact with the sem conduct or maferﬁé?lle the first polishing pad is
noved; planarizing the sem conductor Wafer iwith the first polishing pad
until a first mafer fil mthickness is achieved; disengaging the first
pollshlngvm% the sem conduct or wafer, and applying a

di spersed-a raS|ve pol i shing process to the sem conduct or wafer until a

final wafer fi{mt The et hpd of claim1 wherein the
pol i shi ng pad_ nat e?"ﬁF‘ﬂs‘ﬁ%’?‘.‘i@@E’%ﬁ@ﬁﬂ"%ﬁ%‘ﬁf@oﬁf&(%’ 3. The net hod
of clai m FORBREING N maintaining a first pressure conprises mRi Nt ai ni ng a
f at | b t h |'i shi d
Bnd ¢ he-seri conduci i P AYGAE pTHBAT o 5t Sisryherirting of ol &l m -
wher ei n ni@lishiag mdgaaafnohsﬁmg)pmismaﬁeaal mmnwﬂang@bﬁémfgféage af pressure of
et con P AP RO el U Sd P BB orh ¥ ofionTh BRI S o
di sper sedirsinolishiog pathrapd edwrein therpotisting padesidigl ddiRes 8 EbapAdUCt or waf er
agai nst a chemcal slurry to the second
pol i shi ngegﬁg%npg ﬂm&g&é‘}?{&g@%@'@dﬁ&ﬂﬂ%@?a RO & dipenaler S ite 8l i shing pad
nove agalﬂﬂbﬁhlwpad ot her; and nmai ntaining a second pressure between the

second polishing p the s uctor. wafer. 6. The nethod of claim5
wherein the secon %ﬁ'ﬁ%ﬂpﬂﬁ'oﬁ&g@ﬁ %""Wﬂ-'&ﬁtﬁﬁ%’lméh%ﬁﬁwﬁhggpad mat eri al

- positio nmﬂdeagemgt aportion o eotatigseftiiconiBetor wafer, wherein the first
' polishing pad partially overlaps the semiconductor wafer;
maintaining a first pressure between the first polishing pad and the
semiconductor wafer;
moving the first polishing pad of the semiconductor wafer to each of
a plurality of partially overlapping positions with respect to a surface of the
semfconductor wafer, wherein the first polishing pad is in continuous contact with
the semiconductor wafer while the first polishing pad is moved;
planarizing the semiconductor wafer with the first polishing pad until
 a first wafer film thickness is achieved:

_ disengaging the first polishing pad from the semiconductor wafer;
‘and | |

; applying a dispersed-abrasive polishing process to the

- semiconductor wafer until a final wafer film thickness is reached.

2. The method of claim 1 wherein the polishing pad material
; comprises a fixed-abrasive material.

3. The method of claim 1 wherein maintaining a first pressure
| comprises maintaining a pressure of at least 15 pounds per square inch between
“the polishing pad and the semiconductor wafer.




second polishing pad and extending radially inwardly a portion ofyup sl us
of the second polishing pad, wherein the second polishing pad materi al
defines a central region |acking polishing pad material and symetric
about a dianeter of the second polishing pad. 7. The nmethod of claim5
wherein the second polishing pad conp?ﬁses a non-abrasive polishing pad
material. 8. The nmethod of claimb5 wherein the second polishing pad

conpri ses a | i near belt constructed of non-abrasive polishing pad

mat eri al . Q hod Qf i.m5 wherein the second pressure is |less than
the first pre sur M%?ln@anmmmrﬁsm pol i shi ng pad

The pol i sm'm' mﬁm'm“b“”@?fi‘?g&éﬁ]p&ﬁﬂﬁ for BB vthBly 7 vherein
sem Eonduc eg%llgﬂggpaé Wﬂﬁlsﬁ@?‘g‘gg'ﬂ‘éﬁ’ﬁ‘ﬁgﬁbrl sing: 4 July 2005 -26 a first

waf er polisher conprising: a rotatable wafer-carrier having a wafer

receivi-ng surflace ﬁhemeﬂﬁc&ﬂsﬂmzwm@h@pﬂgmga&ﬁgpe e Waf er,
rotatableg,%g{a d conprising a fixed-abrasive polis |ng pad materlal
posi ti one ong ‘cunf erence of the .polishing pad and extending

radi al |y i nwardly arqssngtmeainccmduadmafe%gé;ha a%bbzﬁﬂbcfl&hmg d: Wherein the
fi xed- abr asi ve poI| @T ng ﬁ ﬁ%ﬁ? ail defines a centra i on | acki ng
pol i shing pad mat ePPRYMEASEY o 4z, scond aplishingdgradayhile; pol i shi ng
pad; a r osemiadridecioo Wafdriand theasbcomdt Péllehing D8 Mcvd aBHifst cithioidryandPar al el to
the wafer receivin r.f.ace and configure va position

“polishing pad in ag'ﬁ IRing @ gecand rﬂr‘éﬁf‘HT%BEtWS%WM&IWISHBQ@Qd to the

‘'sem conduaridthe semizondudisriveifer. t he pol i shing pad contacts and rotates
against a portion of a surface of the sem conductor wafer, and a rotatable

pad dressing gssenplymidtl Budns' whash me second polishing pad has a
non-abraswe polishing pad material posiioned along a circumference of the
second polishing pad and extending radially mwardly a portion of a radius of the
second polishing pad, wherein the second polishing pad material defines a

| - central region lacking polishing pad material and symmetric about a diameter of
-the second polishing pad.

7. The method of claim 5 wherein the second polishing pad comprises
-a non-abrasive polishing pad material,

8. The method of claim 5 wherein the second polishing pad comprises
a linear belt constructed of non-abrasive polishing pad material.

. 9. The method of claim 5 wherein the second pressure is less than the
first pressure,

10.  The method of claim 2 wherein the polishing pad material
‘somprises an annular surface.

11.  The method of claim 7 wherein the polishing pad material
comprises an annular surface. |

7 12. A semiconductor wafer polishing system comprising;




positioned substantially coplanar with the surface of the sem cqryq&czb?g
wafer on the wafer carrier, wherein the rotatable pad dressing assenbly
rotates and contacts a first portion of the polishing pad; a

di spersed-abrasi ve process station, the dispersed-abrasive process station
conprising: a second rotatable wafer e&br-ier having a wafer receiving
surface for releasably retaining the sem conductor wafer, and a second
pol i shing pad nounted on a polishing pad transport, the polishing pad
transport configured, to nove the polishing pad against the sem conductor
wafer, the second PIIFFtYaferpofisher cemppsingi ng a non- abr asi ve pol i shing pad

materi al positioned to §RASLME wif kSR ; rt the
~polishing sl ur%agaivnst, a surfqc%ﬁ%hﬁﬂgﬂggéwg%ﬁ%%iwémﬁr and a
sem conduct or asfbly relaising e septiennduster wefeabl e between the first wafer
polisher and the di sperggiuaheash tion egrein a first 4 July
2005 -27 portion of a waf e@%gﬁ?ﬁ%ﬁcﬁ’g@ggtﬁﬁﬁﬂﬂgﬂ\fﬂhr I s applied at
the first waf ePoisisg pacmatesalipesitioned along ardiicomfenénceluf therdatishing! | shi ng
process i:s apphddeshddxtdridtia rd; | ve. process, statiaon. 13. The
waf er poli shi P\% syst em of gcr?g'?lma'&%g%e!r é@ﬁog ﬂfeé)??gﬁ’f’ggm&qsfﬁhm%ol i shi ng pad
conmprises a r dfash Wherein the fixed-ghrasive polishingpali insdieriay defmbsta @ing@Or t  conpri ses
a rotatabl e pqkhishidging Heii | P tantiall rallel to the
waf er receivin gsurfgcgﬁaﬁ%ﬁgodrﬁrg%%gﬁ%ggﬁﬁﬁﬁﬂ 8@? F%B%?qrﬁé pol i shi ng
pad in a parttheapplishBg®atdappi ng position with respect to the seni conductor
waf er, wherein the pol,i.shi ts. and rotates gagai nst a portion of
a surface of the sem %oﬁ%h%ﬁggﬁ@B%gﬁﬁmeﬁ%'\gﬁ#%ﬁ%s%m%@hi ng system of
cl fu mh_13 whe(r]I #aratieHe throwatabreasiving sulpiad:e' aty cm_fi@ﬁdcrlﬁ c@mavém,eﬁ?gn t%h- abr ?jsi \r/]_e
~ polishing pa al gng.a circunference, o e polishing
pad- and ext ertlgl lng&'rugé Pg(?ﬁ{yé *’%ﬁ%&ﬁvﬁﬁ%&ﬂ&?‘?%ﬁnﬁf‘mﬁsmm}ge of the -
pql i shi'ng pad semivondictortwalemwherain the ipwlishirgl pasiiohicRashd Bltds al
against a portion of a surface of the semiconductor wafer; and
) a rotatable pad dressing assembly having a surface
. positioned substantially coplanar with the surface of the semiconducior
wafer on the wafer carrier, wherein the rotatable pad dressing assembly
rotates and contacts a first portion of the polishing pad;
| a dispersed-abrasive process station, the dispersed-abrasive
process station comprising: |
a second rotatable wafer carrier having a wafer receiving
surface for releasably retaining the semiconductor wafer: and
a second polishing pad mounted on a polishing pad
transport, the polishing pad transport configured to move the palishing
- Pad against the semiconductor wafer, the second polishing pad
-comprising a non-abrasive polishing pad materiat positioned to receive a

polishing slurry and transport the polishing slurry against a surface of the
semiconductor wafer;
and

a semiconductor wafer transfer mechanism movable between the
first wafer polisher and the dispersed-abrasive process station, wherein a first




defines a central region |acking polishing pad material and synygefisgg@bout
a dianeter of the polishing pad. 15. The wafer polishing systen1og claim
14 wherein the non-abrasive polishing pad conprises an annul ar surface.
16. The wafer polishing system of,_claim12 wherein second polishing pad
conprises a linear belt and thé'%%rishing pad transport conprises a linear
belt polisher. 17. The wafer polishing systemof claim 12 wherein each of
the first wafer polisher and the di spersed-abrasive process station are

configure enmoye at l.east 50 stronms of material froma wafer
cont | 9ur e Qolin of § WAt polishifiy Srocxe Jorthe water 1e appliod ot i st wares
polisher and a second portion of the wafer polishing process Is applied at the

~ dispersed-abrasive process station.

13.  The wafer polishing system of claim 12 wherein the non-abrasive
 polishing pad comprises a rotary polishing pad and the polishing pad fransport
- comprises a rotatable polishing pad carrier oriented substantially parallel to the
- wafer receiving surface and configured to movably position the pofishing pad in a
partially overiapping position with respect to the semiconductor wafer, wherein
. the polishing pad contacts and rotates against a portion of a surface of the
semiconductor wafer. |

| 14.  The wafer palishing system of claim 13 wherein the non-abragive

polishing pad comprises non-abrasive polishing pad material positioned along a
circumference of the polishing pad_and extending radially inwardly a portion of a
radius of the polishing pad, wherein the non-abrasive polishing pad material
:deﬁnes a central region tacking polishing pad material and symmetric about a
diameter of the polishing pad.

15.  The wafer polishing system of claim 14 wherein the hon-abrasive
-polishing pad comprises an annular surface.

16.  The wafer polishing system of claim 12 wherein second polishing
-pad comprises a linear belt and the polishing pad transport comprises a linear
‘belt polisher. |

17.  The wafer polishing system of claim 12 wherein each of the first
wafer polisher and the dispersed-abrasive process station are configured fo
remove at least 500 angstroms of material from a wafer surface.




